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LETTER OF TRANSMITTAL. 



^ / » I V i * J 

DePARTME.VT PF THE INTERIOR, 

^ Bureau ofF Education, ' 


h»ve been accopt«d largely, on tradition and vithout iatoj%ent criti- 
cLsm as to their atlaptation to modem conditions and needs or their 
oducaUond value. In sooxe subjects much new material has be^ 
ultroduoed from tme to time, while conservative tendenciaa have 
prevented the oUrainatioa of the old and outgrown, thus resulting in 
s emgostion of material detrimental to the intercsta of the su^ta 
ami t o the proper balance of the entire curriculum. This has been 
espeeittUy true of arithmetic as a school subject. There is now 
however, a tendency everywhere to romrganiae Uie ourriculmn both of 
elementary and of secondary, schools, to Ae end that each subject 
may have its proper share of time and attention. That this work of 
. rcsdju.stnient in arithmetic may be don* intelligently, it is very .de- 
sirable that those engaged in it may have as complete knoudedge as 
possible of the development of this subject and of past as well aa 
pi^nt practice in regard to it. I therefore recommend for pubU- 
caUim as a bulletin of the Bureau of Education the manu-script trans- 
mitU'd herewith, giving a history of arithmetic in the schools of the 
united States.' 

Kej- peetfully submitted. 



P. P. Claxton, 

Cammissipner, 







' PREFACE. 

J 

^ Th«» arithmetic with which the American schoolboy of the twen- 

tieth century wrefttlea tiiffers in many respects from the ''cy])horing*' 
^ which was truly a stumbling block to many a child in colonial days. 

Not only have there been signifioant changes in the subject matter 
I of arithmetic, but also in the aim of instruction, in the place of arith- 

f \ metic in the plan of education, and in tho methods of teaching the 
I subject. In fact many of the distingumhing characteristics of arith- 
; metic as a twentieth century school subject are products of the nine- 

teenth oentu^A^ It has been the purpose of this invwfigation to 
trace in some detail the development of arithmetic as a school snh- 
t ject and the methods of teaching it in the United Stat^^, and to show 

■ the influence of Warren Colburn in stimulating and directing this 

I development. / 

! It is a pleasure to acknowledge indebtedness to inspired 

and encouraged this refjearch and to those who have assistetl in mak- 
' ing accessible the sources; in particular. Prof. W. W. Charters, of the 

Univffl^ity of Missouri, ^35ho first mentioned the problem, and Profs, 
f S. C. Parker and G. W. Myers, of the University of Chicago, for their 

^ direction and heJpful criticism. / 

/ Walter Scott Monrok. 


Emporia. Kans. 
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I^EYELOPMENT OF ARITHMETIC AS A SCHOOL SUBJECT. 


PART 1. THE CIPHERING BOOK PERIOD: FROM THE BEGINNING IN 
THE COLONIES LP TO 1821. 


^ Chapter 1/ 

THE PLACE OF ARITHMETIC IN COLONIAL EDUCATION. 

At tho tinio of the colonization of America in the lirst half of the 
sovcnUAcnth oentuT}^, arithmetic was not considerod essential to a 
Ih)v’s education mdeaa ho waa to enter coinmenial life or (ertain 
LTiidoH. The instruction in &rithnu‘tic was often given in a eeparate 
schiH)!, called a writing ech^l, or a reckiuung acliooL When ahth- 
mo tic was taught in tho grammar schools it w'as very rudimentary/ 
Not only was this true, but among tho nobility and Uio aristocracy of 
tho educated, arithmetic was ltH)ked ujK>n as *'conunon,” “vile/' 
•'nuM-hanio/’ because it was tho a<*coinplishment of clerks, artisans, 
tradesUK)!!, and ** others who bore no signs of heraldrj'.” C^onse- 
HuenUy, it was a subject beneath the dignity of a Iwjy unless he was 
less cap^le of learning and fitU^st to !>e put to tradiw." 

Such was arithmetic and ihe^place it tK\cupiod in education in 
Eurt>j)e at the time when Uie American oolouies were settled. Tho 
/‘olonists had grown to maturity in Euroj>ean'* environment and had * 
boun odu^ted in European schools. When they came to America , 
they brought with them traditions and ideals w^hich influencod th(^ir 
schools and their plan of education. . ^ 

Dutch New Tori. “The firet settlements m New York were made 
by tho Dutch West India Co., which was charionid in 1621 by the' 
Sutes-Cieneral of the United Netlierlands. To this company was 
given a monopoly of Dutch trade within certain areas, T^e Dutch 
uation had proddbed soma of the most important commercial centers 
of Europe, and a nation which bad attained such commercial promi- 
nence could not neglect arithmetic. Wl>on they arrived in America 
in tlm interest of a huge commercial enterprise, tho Dutch colonists * 
brought with them this attitude toward arithmetic. Prof. Eal- 
.patrick says: 

What might be oaUed the official Dutch program for the rolociisto wae that pro- 
mulgated by the claeeu in 1636 Id the iuetructioD **for echoolmaeten going to the 
Best or West Indiee/* 


* r. Watoon: The Begtnyinpi of ta* Taaohiiur oT Uodarn SatSacis In KagUiMl, pp. na ni-Sie.* 
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Btt ii to ioatruot the youlli in rNulin^, writing, cyphering, and arithmMic, with tU 
■eal and diligence, he u aleu to iapUnt the tundan^nlaJ prind(vlea of iht« m»a^ 
Chrietian religion and aalvatioo, by tneami td ('atwhiaing; be ia u> teiM'h them the 
ciuUwo$3tj p(fu ot pnyff% a»d alao •ccnsum^ ihw to hr ia w head to 

their mannen and bring them as tar an pOMSilrie to mo(Wty and propriety . ‘ 

This official curriculum was not unifonuly carried out, acc4)niing 
,to Prof. Kilpatrink, 'who has examinod the avaikble rooords with 
cjtre.* * In Now Amsterilam (now' N^w YorkV sri^imotic was alwtiy^i 
included in tbo curriculum, but in the ouUving villagoe, oxr(»j>t 
Albany, w'hicli was a C4)mmarcial cont^^ arithmetic do<^ not ap] car 
to have betm given a place in Che educ^tCion of the childriMi. In thi^ 
raading, vhting; and the oatnohisra liuide up tbo ^mrricuhua, 
and aritlunetic was not coimidorod a lUKxtssary part^ p>rha}>s not 
even a dosirablo part, of education. This condition emphasiXort that 
arithmetic was considered by the early l>ulch colonists to he a prac- 
UcaI subject noco»s^y for those en^ged in trade and roam>en o, but 
not f\ subject possessing general educational value. * 

Niw Enghrui,—T\xB Now Ragland colonies were settled by the 
Puritans, who came to AmoricA in order that they might S4>rum 
religious freedom. So strong was their desin^ *o worship accord i tig 
t4> their beliefs and to perpetuate tlieir chundi doctrines that they 
braved tJie lortg iH^an voyagti and the Imrdships of an unknown and 
^ wild land. Tlio sentiment of the tirst s<»l(Jenumts was probably 
expressed by a memlH^r of the Masaacbus4>t(s company when he said, 
in 1629: **' 11)0 propagation of the Oosjxd is (he tiling we do profess 
above all t(^|>o our aim in settling thw plantation.** • 

A letter written in 1629 describing the colonists of Salem says; 

Tb 9 y live imbljunt^able and without mproute, and dooMaao thomitelvus in ttiyle 
and curUHMUi towardti yo iDdUao, thereby to draw thrm Vo atliM-t our )*4>mon?« aud 
conMStUduU ya our He)igion, as to endeavour to gett »ome of their cbitdrert up 
to' reading and cotwtequeuliyo to ruUgioa whiltr they art* yti<ugt» * 

The orders of the General Court of MAssachusetta in 10*42 and in 
1547 emphasize the j>erpetuatio.n of their religion ah the d<»raiiiam 
aim in education, and although both reaffing and writing are men- 
tioned in the order of 164f, no mention ^ made \|f arithmetic. A 
similar law of Connecticut* in 1560 likewise makes no mention of 
ariUimotic, 

How'over, school practice can not be deduced with any certainty 
from offioial acts. The town twerds for many of the early settle- 
ments have been "made accessible in thft^form of town hisUiries, and 
these furnish much evidence of what w*aa taught in the first schools 
of New En^nd. In the yemorial History of Boeton Uiere are two 

1 Th* DuUa flrtMwto ct Nnr N*UMrtuKls tto4 C«kni*J N«w Yorfc^ p. ao. 

tQp.«a.,pp.s»4&. 

unete Wtnnr <Kd.)i UmgrUX g( Bwton, Vo). p. «S. 

* loMpfa Fait: Aimala ol flUam, p. 7X 

^ BWa W. Ct0w%i Bdmdoul ^ Admtaiatnthoo ef tha Oofaarial GovanunaoU, p. 74. 
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^ rdfersDcat to th^ «cbool pimctioe. Tbr foUowing ia qjiioted (mn ibe 
govt^mur's jounial for iho year 1(M5: * * 

frm arWb wm er»ct«d, *• ti Roxbnry (for the tiuUntki&oce wbmoi* 
evfo inh fc h iUPl bound mm bouM or kad for • )«nity aUevMM'v fot«r«r) and el 
where they naade&nordertoalipivAm^iirfiOpoaiMUfotheQMUrandAbouret 
&ud 3() p4>uod« lu M uaber, wbo abould ako tench Ui rend and ^rrite niul ciphe r, and 
Iuliiuk«' HiiUireQ to be Uughl freely, and the cHa^ to be by yearly conlhbuiion 
* rithf*r by \‘t>luDtary allowance, or by rate of euch ae refused, etc.; and Ihie order war 
oiinOrmed by the gyineral court (bluikb Other b)wnfl did the like, providing main- 
toiuti>ce by eeveral meana.^ • 

^ This would lead ow to conclude that arithmetic waa tatig^ht in the 
'•free ftohool" of Boetpn. Philemon Ponnont was the first Boston 
«rh(v4mastw, beginning his labors in 16J15. ritUefield exptvsaeti the 
opinion that, since he was spoken of as ‘'Brother*' wi3 not given the 
tiUoof “Mr.," '‘ht^'was little more than a writing master" and taught 
only the eletnentary hrant'hw.® , ’ 

Mr. Daniel Maud was the second teacher, and from his title he 
probably was a niSHter of arts. According to littlefieJd it is probable 
(hat hiith Mau<^ and Pormont taught at the same time, the former ■ 
gi^nng instruction in the cla^feH'a) studieti and tbelatU*r in the common 
branches.* If this is true, arithmetic was probably one of the com-’ 
mon hranrhee and was lAQght in the first year of this st himrs exisU 
ence. The next reference to the teachers of this w htH>l bears the 
date of lOtSO. 

“It is also ag^ed on that Mr. Wt>odrnansey, the schoolmaate.r, 
shall have fiftye pound p. arm. for^hw Teaching ye. SchoUers, and 
hitt proportion be mad#i up by ratte." In 1666 the town ‘^agreed 
wi th/Mr. Pai mgU H ^ohman for £4 per ann. to assist Mr. Woodniansey 
in the OranmSr^hoole, and teach Children to wrightrthe year to 
bcgmc tlie 4th of Mari' h 65/6." * 

.VmlimeUc ia nut mantiooed in this statomeut, although itrmay 
have been included in the writing. The view has been expressed 
thftl religion crowded the eiementary subjects, particularly arithmetic, 

<Wit of the school.* tUis is true, and the purpose of the settlement 
of Bo^n together with the goaeral character of the Puritana tends 
to coiifirra it, little or no arithinetic was taught ia this “free school" 
of Boeton after the first few years oP its existence. But in^dition 
to this “free school," which waa known as the Boston Latin Schix)!, 
there were other facilities for arithmetical instruction. "In 1667 
WUl Howard and in 1668 Robert Caiuion wore licensed to keep a 
writing school (in Boston) to teach children to write and to keep 

■ ‘ . p.,ia. " 





• UemarUl Ubtcr/ Of Boit4W.rV, S7. 

*tbkL,U^-ML 
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AOCoihitB/’ ^ Also the second public eohool eBtetdished in Boston 
was a writing scboolf in 1684, in which arithmetie and writing were 
tanght. Thus, even though arithmetic was crowded out of the 
/'free school’’ iaBoeton^facilitieflfor giving instruction in arithmetic 
were provided in these special schools. 

' ^Concerning the schools of Salem we find this reference, bearing 
date of July 20, 1629 : "M, Skelton was chosen pastor and Mr. Jliggin- 
son teachi^ and they were consecrated to thoir respective offices/' ^ 
In this statement there is no mention made of what waa taught, 
and the earliest reference to arithmetic being taught in the schools 
of Salem is the following, which bears the date of 1712: 

Aa Mr. KmeraoD hod died, a oommittoe aie chosen to procxue a suitable Grammar 
schoolmaster to ye ioatructing ol youth in Grammar learning and to fitt them (or ye 
Ooilidge and also to learn them to write and cypher and to perfect them in reading.^ 


On September 1, 1712, “Nathaniel Higginson conunencetl the 
school for reading, writing, and cyphering.”* Arithmetic as a 
school subject is mentioned in 1714, 1716, and later. In 1752 this 
item appears; “After the first o( May, all boys who go to the Gram- 
mar school mufi|i^ study Latin as well as read, write, and cypher/' * 
From these statements it appears qmte certain that arithmetic 
occupied a fijted |dace as a school subject in the Salem grammar 
schod in 1712 and after. For the period before 1700 the abstmco of 
data makes only speculation possible, but Salem, Uke Boston, early 
became a center for trade and commerce. Hence it is probable that 
facilities existed for giving instruction in arithmetic before 1712. 

; Dedham^ Maas., waa founded in 1636, though its history really 
dates from .1644, which is the date of the establishment of the first 
schooL The following statemeut shows what was taught iu this 
school in 1653: ^ 


; IS of ye 1 mo. Aasemb Job. Kingsbeiry ; Fn . ChickeriDg, Lieft. Fiaher, Job. Dwight, 
Beigt F^idker A £Ua Lusbea, Pet. Woodward Agreed with Jacob Farrow to keep the 
Schopla to begin 28 of 1 me. 1653 to 20 L pr an. to be payed in town paye being mer- 
piumtible at end of each h^e yeare the one halfe of the aaid Mimes, he under- 
takee'to teach to read Foglish and the Accidence A to write A the knowlodg A art of 
Arithmetick A thb rules A practice te^neof; this to be p’poeed the tewne.* 

Alater oontrjEtct for the year 1656 reads as follows: 

. 9 ol U am. 1666 , Agn^ Micbaell. Metcalfe , for to k^p the school for the year 
iiisuingerthe said Mjchael doe unde^teke to teach the children that shal 1 be sent to him 
td r^oEngliBh and to write/ \ 


, iQ.K. littk64d; Op.oU.»p.eJL . 

I iJoMpliB. y«tl: AaiulsofSalem. p. 100. 

•Ib4d.,^«D. , 

•barlosSlanar: tlM Salk^ and Ttaobart of Dadham, H aiaa c h n sitte, p. It. 
• CMoiSlanw: Op. elt.,p. lA 
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Only rea^hg atui'writii]^ me&tiMed hi this Second CK^ntaract^ 
but in view of ^at apps^' to havh been the previiiling pt^tice hi 
Dedham and because of additkinal ' evidence; it is probsUe that 
arithmetic WaO taught by Michaell Metcalfe. In comihen ting upon 
this point, Mr. Slaftcr Bays: ' - * * 

It is hardly to be auppoeed that Mr. Metcalfe taught only reading and initlttg, 
but rather he agreed to teach these at least to all the pupils. There ia now in 
existence the identical arithmetic which be uaed as a teacher of the school. This 
b(K)k, an enlarged edition of Robert Record’s adthmetic, was published in 1630 and 
i6 now in the archives of the Dedham Historical Society.' 

In 1663 a contract with John $winerton specifies that *'Th« said 
Mr. Swirorton ia to teach such male childeringe as are sent to him to 
write & read & the use of retinitich as they are capable." * In 1667.it 
was ‘'.'agreed with Mr. Samuel Man, to teach the male Children of 
this towne that shall be sent to him in English Writeing, Grammar, 
and Arithmeticke."* Michael Metcalfe was engaged again, 1679, 
‘'to teach all male children that shall be sent to h im to Read and 
wright and cast accounts.’’ * 

At Plymouth a school was established in 1635, “in whici* a. Mr. 
Morton taught ^to read, wnte, and oast accounts."’ ® At Ipswiiph a 
school committee was provided for in 1652 “who shall also consider 
the bast way to make pro^l^ion for teaching to w rite and a<> 
counts.”® A contract with a teacher at Charlestowm in 1671 specifies 
, “that he shall teach to read, write, and cypher.” ^ The writer of 
the History of Hadle;jr makes tins comment up>on the early schc^ 
“The master, with rare exx^ptions, was a man of collegiate Question, 
and he instructed sopie in Greek and Latin, but most only in reading, 
wTiting, and arithmetic.” • The first settlement at NewAupy was in 
1635, and the first school was established in 1630. In 1658 the toWn 
paid a fine under the law of 1647 for providing no grammar school. 
At a town meeting in 1075 “it was voted to have a schoolmaster got 
to teach to write & read and cypher and teach a grammar schoole.” ® 
Arithmetic is also specified in contracts dated 1687, 1690, 1691, 
1696, 1709-10, 1711--12.*® The position was held by the same teacher 
from 1096 to 1709, and probably the other dates represent only the 
employing of new teachers. In any case we have a fairly contmuoua 
record for 25 years, during which time arithmetic was specified in the 
teacher’s oontract, and the presumption is that it was taught as* 
early as 1658, certainly as early as 1675. 

lOp. dt,,i»p. U-16, 

* Carloa siaftcr : Op. oli. , p. 90. 

<C«rloa8bUtcr: Op.dt.,p. S3. ; 

«OMio»iWrtiart op.dt,p.aa , . . r, 

• Woroaator Soototy of AnUgnity, OOOMtlom, VoL IX, ProosaStoai, HM-UMi, p. IS 

UoMpbB.Vdt; mBtery<ai|M«Ml.tou,«daHsmm«i,pp.fS-«*. ^ 

’ Rtdnrd rraUdmbMU, Btot^ of Charkatovn, p. iff. 

■ SylTtaUr Jtutd: Hlitory ofHadliy, p. M. 

’Jobnl. Currar: HlftoryofNtwbary,p. 8M. 

Mlbld.,pp.lM-400. 
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« Qa iim oUudr kaaii, aritiiJBaatio Js oot ^neniianedrUi tk» oontracta 
ia a number of towns. 'For. example, the town of Dorchester voted 
ia 1639| that, ',^ere abal b# a rent of 20^ yeerly to be pajd to eudi 
a sehoobnaeter as shall tmdertake to teeoh engbah latin .and oth^ 
tongues, and also writing .” ' With reference to the first teacher, 
Mr. Waterhouse, the town records contain this; 

It is ordered that Mr. Waterhouse ehall bo diepeneed with concerning that Haiwe 
ol the Older * * <► * where he ie bound to teach to write Uehalbe Iefttohielih<*^ty 
in thatpoynt of teaching to write, only to doe what he can conveniently therein.^ 

Later contracts likewise contain no mention of arithmetic. 

In Coimecticut, arithmetic is not tnentioned in the contracts of a 
number of towns with their teachers, although reading and writing 
are and frequently also Latin,* However, the New Haven C6urt in 
1090, decre^ that— 

two free schools be eetablished in the colony, one at Hartford and the other at New 
Haven, where the children may come * 'after they can hurt, read the Pealter, to teach 
•udi reeding, writing, arithmetic, the Latin and Greek tonguee." 

Pennsylvania , — William Penn came to America in October, 1682. 
In March, 16^3, the general assembly passed numerous bills relative 
to the future welfare of the colony of Pennsylvania. The following 
provision concerning education was contained therein: 

; And to the end that poor aa well aa rich may be inetructed in good and commendable 
learning, which is to be preferred before wealth, be it Ac. that ail persons in thia 
province and territoriM thereof, having children, and all the guardianu or trustees of 
orphaha, diall cause such to be instruct^ in reading and writing; so that they may be 
able to read the Scriptures; and to write by that time they attain to twelve year>> of 
and that thea they be taught some useful trade or skill, that the poor may work to 
live, and the tkb, if they become poor, may not want.* 

Although arithmetic is not meutioned^ it seems to have been 
recognized pe having a legitimate place in the curriculum, for we 
find that on December 26 of the same year a council held at Phila- 
delphia acted as foUows: ' 

The<YOveraor and Provincsal Oouncil, having taken into their aeriotiB consideration 
the great, nSoMBity thetre is. of a Bchoolmaiter ler-Uie instruction and nober education 
o| ypu^i in the tp.wn oLPlpladelphiat, sent for £aoch Flower, aa inhabitant of the 
said town, who for twenty yean past hath been oxercised In that care ai^ employment, 
ih'Ehglai^, to whom having commuhlcafed their minds, he elhbraced it upon these fol- 
lowing' terms: to learn to redd English, 4s. by .the quarter, to learn to re^ and write, 
6a; by the ripiarter, to learn to read, Write aari cast aecotmt, 8s. by the quarter; for 
boarding a scholar, that is to say, diet, washing^ lading tad sehooiing^ ten pounds for 
one whole-year.* 

1 WinUm Dana Oroatt: Good Old Dorobattw, p. 390. 

• Ibid„p.1W. 

*Kdwerd K, Atwatv; mitory of the Colony of (Itw Haroa, pp. M>W7. WflItaSi Ohaanry Fowl«r, 
HIrtqry of Unrhsm, Osaa.', p, m- . ^ ' 

« Saaoal Oroatt aad AwCvosaBswdsMgri Hasory ^ the OW *gewn of PWfcy, OsniiwiiiaMt, p. los, 

• EWiW.Ctows: Op.dt.,p. 981. . ,, , 1 ...'. ... . 

• Elds W, Oowa: Op. dt , pp. 381-9B9. 
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r Dekwan wA New J«r*«y.Tt-:The ramuiung oobni«& exhibit no 
BtrikiBg edoMtioiial obnraoteratioB. DelsWAro and New^wey show 
something of the oharaoteristics of both New Ydrk and Pennsylraiiia. 
New Jertey was or^iaaUj uloladod in New York, and later V^t 
Jersey was a part tof Pennsylvania. Delaware was first seUled bjr the 
Dutch and Swedw, but later oame nndei: ibe control of Pennsyivania. 

In Delaware the design of tho ‘ ‘Friends’ Public School,” now known 
as the “Wdliam Penn Cha^r School,” is set forth in the preamble 
to the charter as foUowvi ; ' 


TMiereas the pieeperity wdfara of ahy people depend, in groat measure, up«i 
the good ednc&tioQ o# youth and their early introduction in the primriplee of true 
religion and virtue, and quulifyiDg them to aerve tbar country «nd themeeivee by 
edurating them in reading, writing, .and learning of languages, and useful arts and 
scieucee euitsble to their eex, age and degree, which can not be effected in any manner 
80 well as by erecting public erhoole for the purpoeee aforeeaid, etc.* 


The sjHrit of this^nd the content of the education outlined is al- 
most idenUoal with the provisions made for education in PemwyJ- 
vania. The mention of ' 'useful arts and sciences suitable to them 
sex probably means arithmetic for boys. 

Southern colonies,— To uh© south of Pennsylvania, the population 
was scattered on great plantations and not collected in villages and 
cities. The education of the masses was. almost whoUy neglected. 
The rich employed private tutors. Sometimes instruction was given' 
by the minister or by an indentured servant whp possessed education. 
The aim of this education was usually to prepare for college and did 
not include instruction in arithmetic.’ 


When the legislatures of the southern colonies registered their 
attitude 6n education, arithmetic wns usually included in the sohool 
curriculum. For example, in 1710 the Legislature of South Carolina 
p^od "An act for the Founding ^ Ereating of a Free School for 
the Use of the Inhabitants of South Carolina/’ It says in part: . 

XI, Aod ba it further enacted by the authoiiry afore«dd, that the pereon to he 
merter of tlw aaid.echool. ahall be of the religion of the Church <rf England, and con- 
fo^to the 8 ^, and Bhaff l^^able tp teach the teamed languages, that is to eay, 
tha Latin and OtoA tongtres. and also the us^l parts of the mathematics. 

XV. And becifttoe it Is ttSeewary that a At pereob teach the youth of this province to 
wdte, aad atro th« priadpleS ol vulgar arithmetic and merchants' accounts, Be It 
therefore enacted by the authority aforesaid, that a fitting person shall be nominated 
appoit^ by, the said -qomtuisriocew, lo, teach writing, arithmetic, and meiw 
chants' accounts.* 

Two y0iiw lal^r ihoru is record of hn appointment in which — 

Douglas riuyt be and is hereby declared to be Mastw of a Grammar School ia 
Heston, f^r Whiag^fhf Gmek and latui U^guages, and abatl choose one uriier 


liToa- Vi MM; ir.tiii.ki li 

4 r* r. Qrmti A umory ol SdscaUde In TtaM. p, s£ = 

• SfalB W. Clewi: Op. ftit, pp. 44Bir. 
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to the ichool, who U empowered end roquirod to feoist the mitter efbremid in 
t^hing the Unguegw* leedingi EngUA, writi«g»erhhmii4c or «ich other parte of the 
methemetice m he is to teach.' . 

Siimm<iry.-^Thi» survey, of the early schools of , the American 
oolomes showa that, whether ahthmetic was explicitly mentioned 
along with reading and writing in the official acts of the colttnial 
governments, as in New York, or was omitted, as in the rane of 
Massachusetts and Pennsylvania, arithmetic was taught in the public 
school in many towns, probably from the beginning. The activities 
of trade and commerce, which were centered in these towns, created 
a demand for arithmetic, and instruction was given in the subject 
cither in the public sohoob or in private institutions . In those schools 
arithmetic was primarily a tool of commeico. ' ‘ 

In Massachusetts the law of 164?" specific two typos of public 
schoob. For towTis of 50 householdon^ or more it was ordered I list 
they “appoint one within their town to teach aU such children as 
shaU report to him to Mrrito and read.” For towns of 100 or more 
families it was ordered that they establish a grammar school, a school 
of secondary rank, ‘ ‘the master thereof being able to instruct youth so 
far as they may be fitted for the university.” Since arithmetic was 
riot required for college entrance before the middle of the eighteenth 
century, it was not officially given a place in either type of school. 
But it was frequently mentioned in teachers’ contracts eoordinatoly 
with reading and writing. Occasionally arithmetic was taught by 
the master of the grammar school; or an assistant, called an uslier, 
was appointed whose duties’ included the giving of instruction in 
writing and arithmetio. In general, when arithmetic was tauglit in 
the public schoob it was in the elementary rather Chan the grammar 
school. 



In addition to those types of public sohoob, there were two types 
of private schoob. One of these was for very young pupib and was 
known as a dame school. In the dame school the simplest rudi- 
ments of arithriietic, such as the addition and multiplication tables, 
were sometimes taught. The other type of private school, frequently 
called a writing school, was for the dbtinPt purpose of giving instrric- 
tioU in writing and arithmetio. .In case anthmetio was not taught 
in the grahMnar school in which a pupil was enrolled, he often at- 
tended a writing school half of the day or of evenings. By estaV 
lishing public writing schoob Boston created a “double-headed 
school system which persisted well into the nineteenth century. But 
triis practice was not general. 

Arithmetio as a science of numbers was taiight in some of the 
coUeges, particularly toward the close of thb. period. After 1750 it 
had a place in the course of study of many of the academies. 

> Elite W. Clews: Op. ett.« p. 457. 

II ■■!■■■ lie'll ■■ ■ lit.iii, Nri 
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The growth of ar^hmst^ as a school mbjex^t^lw 1 789 the teaching of 
reading, writing, and aritlimetic wae made obligatory in both Maaaa* 
ohuseU« and New Hamjyshire. It is not unreasonable to suppose 
that these laws simply ropresont the legalizing of a practice which w'as 
already prevalent. Whether this is the case or not, the enactment' 
of those laws shows that arithmetic was then considere<l nt'cessary to 
aji (‘lomentary education and was given la plaoe coonlinate with 
reading and writing. The following reex^ds of attendance ui the 
schools indicate increasing popularity of the writing 
'school, the special school for giving instruction in arithmetic and 
wntii]g: 


North AVriting Srhoti! 2S0 220 

North (Jrnmmar S<‘hf>oI fjo 

South (inimmar Srhool * |20 ♦ H5 

Sfuith Writing School . ^ cj 240 * 

W riting School in Qut*on Strwt ’ 73 230- 

In 1745 Yale required arithmetic for entrance. In 1760 Princeton 
required the candidates “to understand the principal rules of vulgar 
arithmetic." In 1807 Hansard required — » 

rantiidatw for admiHsion into tlarvard rollepo 5 «hall bo examined by the Prewdent, 
Pnth-HHon* and Timirn. No one ahall be admiurnt, nnleHH he l>e tbomughly-ncquainted 
with the ('1 mm mar of til e Greek and Ivatin language, in the various partu thifreof, 
iiirhiding Pnf>«o<ly, • • * })ro|>f.riy nnwtruo and f>arw» Greek and lAtin 
aoth.tn*, * * * be well innlructe*! in the following rule« of arithmetic, namely. 
Notation, Himple and compound Addition, Subtmution, Multiplication, and Division, 
together with Rodurlion and the single Rule of Thrt*e, * * * gtudied 

a (’omi>endiura of Geography, • « « can translate English into Utin correctly, 
* * ♦ and have a good moral character, certified in writing by the Preceptor of the 
Candidate, oraomeotfher suitable person.* 

By 1814, the n^ferenco to arithmetic w'as changed to “and he well 
instructed m Arithmetic through the Single Rule of Three," and in 
and after the year 18t6, “the w'hole of Arithmetic." 

This recognition of arithmetic in the college entrance requirements 
necessitated the teaching of arithmetic in the grammar schools. 

The ostahlishinent of a new ty'pe of school, the academy, which 
included arithmetic in its curriculum from the first, and the sub- 
sequent rapid rise of the acadhmy evidences the growing apprecia*- 
tion of arithmetic and other forms of elementary mathematics. In 
the first academy, established at Philadelphia as the result of the 
labors of Benjamin Franklin, there were three deportments or Schools, 
the Latin, the English, and the, mathematical. 

The production of arithmetic texts by American authora and the 
numerous editifms of texts by English authors which were published 
in this country in the latter part of this period, also indicate the 

> D. C. ColMworthy: John TUeBtco'i Bohool, p, 15. 

*E.B. Brown: The ItnUnc of Our UVJdle Sebools, p. 349 . 
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increasing interest in the subject. American arithmetics may he 
said to ^ate from 178^, the year in whidi Nicolas Pike published .i 
Nev> and CompUU Sf/sUm of Ariihmftie rom/wacd /or iJu use of the 
citizens of the United States, The publishing of Pike's book seems to 
have been the signal for the appearance of texts by American authors. 
By 1800, at least. 20 arithmetics* * by American authors had boon 
published, besides several of not purely arithmetical nature, such n.*^, 
Instructor ^ 1794; The Traders Best Cmopaniony \79h\ and an Amencan 
adaptation of John Gough’s Treatise of Arithmetic, 1788. 

In the 21 years which elapsed between 1800 and the close of this 
period, arithmetics by American authors appeared with increa.^in^ 
frequency. The Scholar's Artf/»7nrfir,-by Daniel Adams (first joih- 
lished in 1801) had passed tlmnigh nine (nlitions by 1815. Drtl)nlJ s 
SchoolmasUr' 8 Assistani (first published in 1790) was even more 
popular. Other American texts had an extended circulation. 
Numerous editions of Dilw'orth’s Schoolmaster's Assistant (tirst 
published in England in 1743) were reprinted in this country. A 
revision of this popular text, by Daniel Hawley, was published in \S{)X 

In his American Journal of Education, Heury Barnard 
reminisreJiccs by a number of persona who attended school in the 
last quarter of the eighu^eiith century.* One wTiting from nirnJ 
Connecticut says that “arithmetic wa.'^ hardly taught in day sclnad 
but adds that it was taught in evening schools. Only two say 
that arithmetic was not lAUght^iut they worn pmpamd for col- 
logo^ in academies about 1780 5ftm prosumably never attended an 
elementary school. .Ten who attended school in niral districts, 
including the StaUw of Massachusetts, Connecticut, Pennsylvania, 
New Jersey, and North Carolina, say that arithmetic w’as taught. 
Most of them mention it coordin^tely wdth reading and w riting, ThrtH' 
make no mention of arithmetic, and four studied arithmetic in cities. 

The appearance of arithmetic in the f-oUego entrance requirements, 
the activity of American authors in writing texts, and the direct les- 

> This number indudee erabmetloe by the tolk)wlnj( authors: Isaac Cmenwood (1720), UenjautUt 
Dearbnm (1719), Alexander UoiXismld (17»), Nloolu Pike (17fS), Thomas 8ar)r«nt (ITM). Conskl^r hM 
John Sterry (1700), John Vlnall (17W), Workman (1703), Joeeiib Chaplin (1735), Daniel Frnninc 

(1736), Krastus Root (1730), James Noyea (1737), Cliaunoey Lee (1737), WUllam ICltns (1737) David KpjvUII 
(1737), Peter Tharp (1730), Zaohariah Jew (1730), Eiekiel Little (1T3^\ Nathan Daboll (1733), David l not 
(1000). In bis American Bibliography, Evans aooredlta a text to Jonathan Bumbam tn 1748. U has 
not been possible to verity this. 

* The names, the States In which they attended sdiool, and thuTyears attended are given in the AniUytkal 
Index to Barnard*! Amwloan Journal of Eduoation as follows (the figures following the datds refer to the 
volume an^ page on whldi the remlnlBoeDoe is given): Allen, Mrs. L. L,, Ma»wachuwtta^735- 1 W. .lOuVKi; 
Buckingham, J. T.. Connecticut, 17S3, U033; BnehmU. Rev. H.. CkxuMnk^t, UDO, 18:172; (^dwfU. C , 
Noeth OwoUna, 1730, 16:103; Clwnninf , Rev. W. E., Rhode Iskmd, 1780, 17:1A; DarUngton, W\, Pennsyl- 
vaaia, 1796, 11:^41; Davb, John, Vlrgl^ 1800, 18.748; Day, Rev. J., Cmmekiout, 179), 16:126; Everett. 

M^ftimsttii. ino, 18:747; Ooodrloh, E. 0., CaAnMiUSut,^18Q0, 18:184; BaU, VaHichnietU, 17M, 
16:117; Hedgee» N„ New Jersey, 1800, 16:788; Humphrey, Rev.H., Connaetkut, 1730, U:U5: Nott, Rev. R., 
Comeetlout, 1780, 18:183; Oliver, H. K., Maesaohueetts, 1806, 26J33; Qulnoy, J., Maseaohuaetts. 1778, 
18:740; Beton, 8. W., New York, 1735, 17 A55; Town, 6., MasaachuSetU, 1785, 13:787; Welter, P., New 
Bampehlre, 1730, 27 J83; Webeter, M., ConneoUcut, 1770, 26:137, U:12S. 
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tiniony of thoso persons show that, by 1800, arithmetic was goneraUy 
, taiiKht in the schools, oven in the country districts. 

T^o increasing recognition of arithmetic as an essentia) school 
subject is hut one element of a larger change wliich culminated in the 
imietoenth centurj- in the complete secidarization of public schools 
in this country. The' control of odni'ation pas.sod from the church to- 
tlie state, and instead of (vducation primarily for teaching the cate- 
( riisin and church doctrines the purpose of education came to bo a 
pn'paration o' children for tlie secular acti\ntias of life. In the period 
from the dase <)f the Revolution to 1821 arithmetic grew rapidly in' 
importance as a school subject, and in later chapters it will be shown 
that It was given a place of prime importance in the secidarized con- 
(M'pt of oducation. 

Thf aim of instruHion in arU^mf^ic.—Tho aim of arithmoticAl in- 
strjiction in this jieriod was not well defined. In a general way the 
pnictica.1 needs of ^do and commerce were to be satisfod, and this 
was the principal aim. The authors of the texts used clearly thought 
of arithraotio primarfy.as a c.ommorc.ial subject. James Hodder says 
in tlie preface to liis arithmetic, or, T/iat NtctMory Art Made Eeuy 
(first published 1661 and widely u.sed in the colonies) ; “And now for 
the letter cotnpleating of youth, as to clerKslnp and trades, I am 
induc'd to pubhsh this small treatise of Aritlimetic.’’ The title of 
Greenwood’s book, Ariihmetifk Vulgar and Decimal: the Appli- 

cat, on thereof, to a variety of (heee in Trade, and Commerce, indic^iteB 
a siinUar recognition of the practicuil aim. DaboU says in the preface 
to DaboU’s Schoolnmter'a Astietant (first published 1799): “The 
design of this work is to furnish the schools of the. United States with a 
metkidical and comprehensive system of Practical Arithmetic ” A 
cipK!H-ing book prepared in., Boston, in 1809, has the foUowing title' 
Praci,ml Arithmetic cdmpoting aU the Rules neceeisary for transact- 

t7i{f 

riio iinmodisto ond nought, which also roprosonts (ho atandard of 
instniction, was a knowJodgo of (ho rules and their application. We 
shall show in another placA) that the pupil was expected to loam the 
rule and then to apply it to a very few- examples or problems No 
opportunity was given for drill upon the application of the rule’ oven 
in the case of the fundamental operations. SkiU and facility wore 
not expected nor attempted. 

Dilworth’s Schodmasler’a Assistant conteins only 9 examples for 
drill on addition, a like number on subtraction, and a sotaewhat 
greater number on multiplication and division. Pike’s arithmetic 
which is an elaborate text of 612 pages,' contains only 9 oxamplfts for 
drill on addition and 9 in subtraction. Subtractiofi is disposed of 

■ Only devoted t«»rUhiii,llo. See Appen^toUbleoroonte^ ’ 
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'within Asinglo page. SchoUir' a Arithttuiic roii tains K) o\um- 

plos for drill on addition and 9 on subtraction. 

Romuiiscopces and records of tho s<duH>ls of 'this jwriod 
that tho pupil actually solved oven a loss nuinlxT of drill oxainplrs 
than were givou in tho texts. Tho coni|)ilor of this n'port has iii Ins 
possession a copy of Adams’s Schi>lar's Ariihnutrc in which blank 
places are loft for tho solution of tho problems. Only «"> of the lo 
problems in addition are solved and only 2 of tht» 9 in subtract n mi ^ 

The examination of other texts and of ciphering books written in (Ins 
period reveals about tho same amount of drill work. 

William B’. F bw'lo relates the following wliich is j>rohahly typic4i! 

No boy hAd a printed arithmetic, but every other day a eum or tu u m t iu h 
maniwcript, to be ciphered on the slaUv nhown up. ami li pijjlu, ropuxl iniotho imum 
t*. ripl. Tao sunw were all that were in wubira^ tioii, ami \h\t* munlu r w;ui 

probably oe many *w the good man could (nH fwr ea**!: bny TIum ( iphi rinc *»< mpji J 
two houT5, or rather ctmaum^Hi l«i>, aiid tho othor h^ir wa*« employi^l in w riiinc -m* 
pa^e in a I'opy book. Once, when I hatl done uiy two in »tui nM ^ 

them in my book, and been bile an hour, 1 vcutunnl to go to tlie iiia/ U r n and iiak 
him to bo sogotnl aa to itei me another tmm. HiHumazenituu at iny umlm it) w u^ niual 
to thatof the almahouso steward when the. half eUrN inl (Mi\ er Twbt '"aektHl fur n».‘re ' 

Ho looked at me, twitch^vl my mamm ript toward him, and wiid, cutturall) l!h, 
you gnarly wretch, you are nowraatiati^'d ' 1 ira<l ne\ or made h a re<pie.**t hu*f>ri . 

Dordid 1 ever make another a/UTwanln * * ' 

Furthonnort>, there wiis very littio nttcnint mmlu tn (iiu clopuihility 
to Apply tho riilim ox<u>pt t(» problems explicitly fulling und/u* given 
niles. If a problem apj>oarod wliioh <ould not Ix^ rmuiily clu.ssifitul 
as coining under sonm known rule, both pupil nnd leac'hor \V(\m 
usUaUy at a loss to know how protM^xi. Otv'U'iionnIly there wiis a 
pvipil who developed ^omo real ability to reason out pfobleius mul to 
control unfamiliar aritbmotical situations. However, this was tho 
oxcoption and happened not in response) to a conscious atUuiipt ow 
the part of the teachers, but rather in spite of llio system. 


> The I'eaoher's itultluio, or hAmiliur tUnu to Votiti>: Tr^M'hur^, ]t 61 


Chapter il. 

THR SUBJECT MATTER OF ARITHMETIC BEFORE 1821 . 

With f.'W (•'xrt'ptions iho texts in use in the Uniteil St nfes before 
ISOO were of KnK'Iish nut.horship. Copies of tht>se texts were 
tmporh^si, and exlitions of the popular oiieA were printisl in this eoun- 
irv. Tlte "first purely arithmetieal work published in. the Unitetl 
Still, H,” was an edition of Hodder's arithmetic, printed in Boston in 
ITI'.I by J. Friinklin,’ hklitions of the texts by (’ocker, Wingate 
Bonnyriistle, Gough, and Dilworth were printinl in this country. 
In settlements other than English, notably New York and Penii- 
.Wlviinia, arithmetics written by their countrymen were used. 

'I'he Schoolmaster’s Assistant, by Thomas .Dilworth, originally 
ptibh.shed m 174:1, wa.s used very extensively in this country, a]nu>st 
c.x. bisively ]irior to 1800, Nuinemus editions were printed in this 
country, and after the adoption of a Federal money it was revisisl 
to mis't the commercial neetls, A revised islition was publislusl by 
Daniol Hawley in ISOi with the title of Federal Calculator. This 
revision had passed through five editions l,y llU7. Ilevis,>d (slitions 
of this revision, by William Stoddard, were published in 1817. and 
in *1 S:l2, 

On page 14 there is printed a list of the American authors of anth- 
niciics puldt.slusl by l.SOO. F'ew of these texts were ased exten- 
sively, The first arithmetic by an American author,. Arithmetick 
Viihiar and Decimal: irith the. applieoHons thereof, to a Variety ef 
Cners in Frade. and Commerce, by Isaac Greenwood, 17'’0, founil no 
ph(ls‘ in the schools and was soon forgotten. Ifi fact all of the texts 
pnor to the one by Nicolas Pike in 178S were so little known that his 
text was considered by some to be the first by an American author. 
Pike seems to have held this opinion himself. Although not the first 
text, this book, whicli was entitled A New and Complete System qf 
Arithmetic., marked the beginning of arithmetic adapted to tfie netsls 
of the Unitcy States. It comprise<l 512 pages, of which the first 408 
are devott'd to arithmetic and closely related topics and problems. 
There follow 4 pages of “plain” geometry, 11 pages of “plain” 
trigonometry, 45 pages of mensuration of superficies and solids, 33 
pages of “an introduction to algebra, designed for the use of acade- 
mies,” and 10 pages of an introduction to conic sections.* 


* Kvans’s Amfrican DIWlG«r»pliy, Vd. I, p. gr/ 

»TU domplete table at oouients Is given In the Appendix, p. IS2. 
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* Pike's arithmetio is an elaborate treatise and not a text for the use 
of young pupils. It represents the maximal content of aritlimetio m 
this period. The book sold for 12.50, which placed it out of the reach 
of many pupils. . It was used primarily in academies and colU'^ji's 
and yet it had a considerable oirculation. A second edition was 
printed in 1797, a third in 1808, a fourth in 1822, and a fifth in 
An abridged edition was published in 1793, and a second one, prt^ 
pared by Dudley Leavitt, appeared in 18‘2G. 

FoUo^ig 17^, texts by American authors appearwl with inere4is 
ing frequency. American T%dor*$ AMisianij by ZacUariah ih’ss. 

1798; The Schoolmaster* $ Assistant ^ by Nathan Daboll, 1799; A Arie 
System of Mercantile Ariihmetie^ by Michael Walsh, 1800; Scholar's 
Ariihmetic/hy Daniel Adams, 1801; and Scholar*s Arithmetic, hy 
Jacob Willetts, 1817, were widely used. 

Of these texts, Da^ll’s Schoolmaster's Assistant seems to have btvn 
most popular. An edition “improved and cnlargetl, ’ was pulv. 
lished as late as 1839. Adama's Scholar'i Arithmetic had }>ass»Hi 
through 9 editit^ and 40,000 copies had been sold wheo it was 
revised in 1816. An edition was published in 1822. Jacob Willei ts’s 
ScMar^s Arithmetie passed “through more than 50 editions in a ft-w 
years.’* A revised ^ition was published in 1849. * A thin! revised 
edition of 20,000 copi<« of Walsh a Mercantile Arithmetic was pnnt^Ml 
in 1807. An 'edit ion was published as late as 1826. 

The content of the texts, — Since Dilworth’s Schoolmaster’s Assistant 
was the first text in arithmetic to attain -an extended ciroulation in 
this country, it will be used as a basis for an exposition of the con- 
tent of the texts of this period. Reference will be made to featur*^ 
of other popular texts which were 8ignific.ant . 

The ihe<^ of arifAm€fic. — ^Theoretical arithmetic, was recognizwl 
in the definitions of arithmetic which were given in these early texts. 
The space given to arithmetical theory varied. Dilworth’s text w 
primarily a practical arithmetic and he gives very little in the way <>f 
demonstrating “thr reason of practical operations,” and he has 
nothing to say about “the nature and quality of numbers.” Pike 
attempts to treat comprehensively both theoretical and practical 
arithmetic. The spirit of the mathematician who is interested in the 
theoiy of numbers and operations pervades the whole book. In 
footnotes he demonstrate the operations. Under the head of “ Vub 
gar Fyactions” he dofiaes prime number, composite number, and per- 
fect number, and gives 10 perfect numbers which he etates Ve “alj 
which ue, at present known ” The other texts of the period show 
nmh}m wpbiasis upon arithmetical theory. Ottan considerable 
space was giveoq to a “d^aionstar^tion ” of the rules, but these demon- 
stararions were usually explanations of the application of a rule to 
partioular problem or example. 
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Pe^Mtiofu . — ^Thf definitions of number, fraction, eddiUoo, etc., 
were usually given in an abetraot form, with no reference to the con- 
crete situations wdiich required the arithmetical concept or operation. 
For example, addition was defined as “putting together two or more 
numbers or sums, to mahe them one total, or whole sum.” In the 
ca-.o of business rules, an attempt ^as made to indicate the sort of 
siuiation which called for the particular role. But the practical 
situstioii itself was not descriM except in the probleins. There 
usually no attempt to build up a logical system of definitions. 

Soiation and nummohon.— Dilworth made this topic, which he 
styles, “Notation, ” the first in the text after some preliminary defi- 
niiions. Numeration consisted of rules for reading numbers, and 
they are given for reading numbers up to 9 digits. Pike’s rule 
e.xteiids to sexldliou, s2 di^ta, and in a note to duodecilhon, 78 digits. 
The )H'riod.s are of 6 digits each. DaboU also used 6 digiu U> a 
[sTiod, and ho gives four such periods. “NnUtion of numbers bv 
Latin isvteru” is montiouod, but not given byDilworth. Wingate 
gives Roman numerals and |>refere lUi to IV, VIIII to IX, etc., and 
II X is given with VIII for eight Pike gives Roman nouUun, but 
DahoU and many other authors omit it. 

7/«t fnudamtnial operation far iniegm . — These i)[>erations were 
given in tho serial order, atldition, subtiaction, mulliphcation, and 
division. Soinetinios this ortler was iutomipted to give the tables 
of ilenoininate numbers after addition. Tliis is Uie case in l>il- 
wortli s te.\t. In addition be' gives the rule for {dacing the numbers 
to Ui added aiid r^mmends proving by adding in reverse order. He 
docs not mention “esnying” and solves out no examples. Nino 
abstrait mtamples are followed by 16 pages of “compound” addi- 
tion. The rule for subtraction is pven, but olherw'ise the presenta- 
tion is similar to that of addition. In multiplication, tho tables are 
given from 3 to 12 inclusive, except the tons. Tlie process of multi- 
pluatiou is given in five cases: First, -when the multiplier is 12 or 
less; second, when the multipher “consists of more figures than 
one third, when tho factors “have cyphers at tho ends”; fourth, 
when tho multiplier has cyphers “between the significant figures”; 
fifth, when the multiplier may be resolved into two factors, each 
being less than 10. Short division is disposed of with no rule and 
only 12 examples. Long diviaion is .taken up in three cases, with a 
lule for e^: Fi«t, any divisor; second, when there are cyphers at 
the end of the divisor; third,- when the divisor “is such a number” 
that it is thp product of “ any two figures. ” In no case is an example 
worked out as a model or the rule explained. Besides each operation 
being appUed to “compound numbers,” there is also a list of prac- 
fical problems for each rule. 
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In other t«xt« the fund4nu*ntftll opemtiona are presented tn a m<tre 
umplified form. Cocker, in general, explains a process before ha 
applies It U> a parficular example. Hodder carefully explains an 
example, even in addition, before he states the rule. Pike and !>ah«»i! 
give addition and subtraction tables. Most authors giye the taMc 
of Pythagoras* Pike demonstrates’^ the nile for nmltiphcatum 
and division. Cocker and Hodder attempt to add to the untlerst sibl- 
ing of nniltiplication and division by telling of the situations wUu h 
require the O|>eratiorta, Hoddixr speaks of multiplication as Ikmui; 

to many a<lditions. Daboll ks^’h “division is a concise way of 
p^orming several subtractions. ” The< forms of the operationn are 
essenUallvthe same as our present forms with one or tw<> exceptions 
in the older Kuglish texts. 

In adclilion to the five castes of multiplication given by Dvlworth. 
Pike recognises the seven following ras<>s: First, to multiply by Hb 
100, 1,000, etc.; second, “to multiply by 99, WKb etc., in one line . 
third, “to multiply by 13, 14, 1?, etc., to 19, inclusively, at one imil- 
tiplication”; fourth, “to multiply by 113, to 119, so as to 

have the product in one line;*' fifth, “to multiply by 101, 102. 10.1. 
etc., to lOt), so as to have tlie ]>ro<bict in one line; ’ sixth, “to mul- 
tiply by 21, 31, 41, etc., to 91, in one liiie;“ seventh, “to multi j>ly by 
22, 23, 24, etc., to 2th so as to have the pn>du<’t in one line.” In inl3i- 
iion to these 12 cases a general rule is given for inulti[)lymg ” an'* 
numl>er, vix, whole or dtM-iinal, by any mimlx*r, giving only the 
product.” Detailed sj>ecific rules are given for eai'h case , for siuuc 
caaee two such rules are given. But there is a marked tendein v in 
the texta after Pile's in the direction of fewer cases. DaboU recog- 
nises only five cast's and Adams giv<« l>08ides the general rule only a 
section to “oontrartiona and varietii's in multiplication.” 

A knowledge of the addition and subtraction facts seem.s to have 
been taken for granted. Some of the texts do not give an addition 
or subtraction table. The multiplication and divi.sion tables are 
usually given and were to be memorized. Adann; says under multi- 
plication, “Before any pn>gress con l>o made in this rule, the follow- 
ing table must be committed perfectly to memory.” There arc no 
exorcises to be solvetl orally, and there is no provision for drill uy>on 
the number facts contained in the tables. - 

OomToen, or imifar /nwfions.-— DiJworth devotes Part II of Ins text 
to vulgar fractions (see Appendix). FoDovring the definition of a 
fraction as “any two numbers placed thus, I,” and the dofinititm 
of terms and the “serfs of vulgar fractions,” reduction of fractici^^ 
ia given in 12 cases. They are: (1) Reduction to common denomi- 
nator; (2) Tsdnotion to lowest terms; (3) and (4) reduction of “mixt” 
number, to improper fraction and reverse; (6) reduction of’ com- 
pound fraction to a single fraction; (6) to reduce a fraction of one 
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dpiiomination a fraction of Another, hot ffreater: (7Vlo reduce « 
fraction of one denomination to a fraction of unotlier 1>ut less; (S) to 
‘•re<hico ^^ll^ar fractions from one denomination to another of the 
same value, havmg'the numerator of the re<|uired fraction given”; 
(9) the Banie except the denominator of the recpiiri'd fraction is given; 
(1(!^ to reduce "a mixed fraction to a single one"; (111 to '(ind the 
, proper quantity of a fraction in the known jnirts of an integer”; (I'Jj 
"to nsluce any given quantity to the fraction of any greater denomi- 
nation of the same kind. " flie operiuious of addition, snhtraetion, 
iiniltiplication, and division for fractions are then disposed of within 
Ihn’e scant pages. T\vo pagiv devoted to the single rule of three 
direct, single rule of tliree inverse, and doiihle rule of three for vulgar 
fractions complete Part 11. For each of the fou^perations a sius-itic 
rule IS given, e. g., the rule for nniliipMciition i?I "Mnltiiily all the 
given numerators for a new numerator, and all the denoniiiiutors 
for rt now tlointminAl or. ’ 

I' or a frai’tioti to i(.s low(^f tortns, I)ilwt>rtli #;iv(»s only (h^ 

Euclidean process. In general the other autliors give the rule, 
"lUvide the terms of the given fraction liy any niniiher which will 
divide them without remainder, and the (|iio(ieiits. again, in the same 
manner; and so on idl if appears llmt lliere is no ininiher greater 
tliiiii 1 which will divide them." Pike and Daholl give lioih iiieihuds. 
Dilworlli’.s Pile for reducing fractions to a common denominator is; 
'1. Multiply each iiunierator into all the denoiiiiiiiitors hut its own 
for a iit*w numerator. Multiply nil the deiiominatois for a new 
denominator,.” The least rommori denominator is not inenlionod, 
Altliough it would he very useful in the eMimples he giviys. Pike and 
Daholl give in aildit.ion the method for mdiicing to a leiust comiiion 
denominator. 

Dilworth does not solve an examjile or illnslriile a nile. ('orker 
and iloddt^r and the later autliorv, in general, solve out one e.xaniple 
under a rule and usually carefully expluin tiu' operation. Wingalsi 
KUggwUs eaneellation as a short nielliod m mull iplinition of fruetions. 
DaIhiU also does this. Jh. ogives three ea.ses under miih.ipIieation. 

The contrast in the position and space given to common fraetion.s 
IS interesting, llmfder and Pike place them immivliatdy following 
denominate numbers and nHlnetiom Dnlsill givis; ihriv' ea.se.s of 
reduction of fractions immeiliateJy following denominate niimhers. 
hut the real troatJiient of the tojiie coiik's nearly 100 j)ug(>s later in 
the text. Adams finishes with frartions with a scant page devoted 
to explaining the meaning of u vulgar fraction and elosft,- by saying: 
‘‘The arithmetic of, vu^ar fractions is tedious and even intricate to 
l^nnere. Wesh^not thomfore enter into any further considera- 
tion of them here.” 

Klworth and DaboU make no attempt to explain the meaning of a 
^ fraction. They juat tell what the s,>Tnbol is and how it is to bo 
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operatml upon. Adams gives two illustrations to explain the mean- 
ing of a fraction. The examples are abstract, the nearest approach 
to a practical problem being in such as: “Add | of a yard, J of a foot, 
and f of a mile together.^’ Factoring, highest common divisor, aiul 
least common multiple are not mentioned by Dilworth, Pike gives 
them as the first topics under the head of fractions. 

V ulgar fractions were even omitted in a few texts. Chauncey Lee in 
The American AccouniarU, 1797, explains his reason for omitting tliem 
as follows: 

Afl the uee'of vulgar fractions' may b© advantageously superseded by that of de<'i- 
mals, they are as au unnecessary branch of common school education and 

therefore omitted in this compendium. 

'* Decimal jraciions, — Part III of Dilworth’s ^choolmaeier^s Aft»ietani^ 
which boars the title, “Of Decimal Fractions," includes much 
subject matter which is not commonly included under thus head. 
Besides notation, reduction, addition, subtrataion, multiplication, 
and division for decimals, the section contains evolution, the rule of 
three, interest, discount, equation of payments, and e number of 
other applications of percentage. (See Appendix,) The four opera- 
tions are presented very briefly and entirely abstractly. Reduction 
includes such examples as, “ Reduce 76 yards to a de<‘imal of a mile,’’ 
and the reven^p exercise. 

The place oc^pied by decimal fractions in this text is significant 
(if the ^teem in which they were held. As tjompared 'with common 
fractions, the rule of three, interest, partnership, and other topit^, 
decimal fractions were new. The elementary arithmetical pro(^ses, 
with the exception of decimal fractions and logarithms, were maturtnl 
by the close of the sixteenth century. Simon Stevin gave the first 
systematic treatment of dec'imal fractions in 1585, and their applica- 
tion to practical arithmetic was a contribution of the seven teen tii 
century. Coming thus after methods for the calculations of busi- 
ness had been worked out, wliich wore moderately satisfactory, 
decimal fractions and the methods of calculation which they make 
possible were incx)rporated in the texts only very slowly. Hodder, 
1661, does not mention them in his table of contents, but approaches 
them in a chapter on profit and lors. Dilworth, as we have seen, 
treats all of the more common problems of })Usines8 before he mentions 
decimal fractions. This shows that a need for them was not keenly ' 
felt. 

The establishment of a Federal money, 1786, increased the useful- ' 
ness of decimal fractions and marked the beginning of their increased 
importance as a topic of arithmetic in the United States. Rke, who 
gives a brief account of Federal money immediatdy after decimal 
fractions, places them early in his text. DaboU places Federal 
money immediately after addition of integers, but the position and 
treatment of decimal fractions is essentially the same as in Pikers 
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text, Adams follows the order of Pike, but gives a less elaborate 
treatment. 

DenaminaU numbers . — Weights and measures were not standard- 
ized, and we find a lack of uniformity in the tables of denominate 
numbers. Dilworth gives the tables of English money, Troy weight, 
avoirdupois weight, apothecaries’ weight, time, and motion (circular 
raeasure), in essentially the form we know them to-day. Other 
<?vst''m9 of measures are given in a form which is only partially like 
that in our arithmetics to-day, and there are some which have 
disappeared from our texts. Because of their value in showing a 
phase of the development of arithmetic, we give the last two classes 
of tables below: 


I.ONG MKAarHE, 

:t liarloy Corn’s , or B. C., make 

4 Iiu'hoe 

12 Inchftfl . . 

3 K(*fl 

6 F<H>t 

5 Yards and a lialf 

40 PulvV 

8 Furlongf^ 

3 

60 Mi)(w 

Cloth Mka8i;rk. 

2 Iru'hos, or in., and a <|uart»‘r make 

4 Nails 

4 i^narK^rs 

3 Quarters of a yard 

5 Quarters of a yard 

Land Meahcrb. 

9 Square Feet, or Ft 

30 Yards and a Quarter 

40 Polos in lengtli ahd I in breadth 

4 R(kx1s 


1 Inrh, Id. 

1 Hand, hd. 

I Foot, ft. 

1 Yard, yd. 

1 Fathom, Fa. 

1 Rod, Pole, or Perch, Po. 
] t\trlong, Fu. 

1 Mile, Mi. 

1 L(«^e, L. 

I Degree, Deg. 

1 Nail, N. 

1 Qr. of a Yard, qr. 

1 Yard, yd. 

1 FlomifihEH,F.E. 

1 English Ell, E. 

lYard, Y. 

1 Pole, Po. 

1 Rood, R. 

1 Acre, A. 


LiQi'in MEAHt:KK Wink Mrahcre. 


2 Pints, or pts., make. . 

4 Quarts 

lOCiailons 

18 Gallons 

31 J Gallons 

42 Gallons 

63 (5alions 

84 Gallons 

2 Hogsheads 

2 Pipce or 4 Hogsheads. 


1 Quart, ql. 

I Gallon, gal. 

I Anchor of Brandy or Rum, An. 
1 Runlet, R. 

1 Barrel, Bar. 

I Tien e, Tier. h 

1 Hogshea<l, hhd 
1 Puncheon, Pu. 

1 Pipe or Butt, P. 

1 Tun, T. 


Winchester MiAjauRi. 

2 Pints, or ptfl., make 

4 Quarts 

8 Gallons 


9 Gallons 

2 Firkins 

4 Firkins 

1 BbitsI and a 


half, 


01*54 


Gall 


1 Quart, qt. 

1 Gallon, gal. 

1 Firkin of Ale, Fir. 

1 Firkin of Beer, Fir. 

1 l^derkin, Kil. 

1 Barrel, Bar. 

1 Hogshead of Beer, hhd. 
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2 Pintfl, or pta., make 

2 Quarts : 

2 Pottles 

2 Gallons 

4 Pecks 

8 Puahela 


Dry Mrasurr. 


1 Quart, qt. 

1 PotHe, Pot 
1 Gailoii. . 

1 Pork. 

1 Ihi.iiiet, lUial). 

1 Quarter of ( 'urn. 


A suppWientArv table l4> avoirdupois wtaj^ht is also of intt re-sl; 

• I. Us, 


' A firkin ofi»utter is ,^G 

of flonp is ^ 

A barrel of pot ash h* . . / . . • 200 

— aiU'hovioa is ;;0 \ 

- - candles ia ):>0 

figs is from 98 lbs. to 2 rwl ;t qr.-< 

-- -• soap is 

- butter is 

guhpowdor ia !12 

— . raisins is !12 

A double iMirrnl of anchovitw (K) 

A puncheon of prunes is !0 cwt. nr | jt) 

• A fothcroi lead is 120 

A Hkmc of iron or shot is 19 rwl 2 qr 

butchers is , S 

A gallon of train oil L-t ^ 

A fuggt>t of steel is 120 

A burden of giid stt^'l or 9 s< nm lst» 

A quinbil of fish in Newfmindluiui 1; |U) 

A stone of glass is S 

A seam of glass is 24 stone. 

of cheese or butter i.H 120 

A clove or half stono is 8 

A wey in Suffolk is 22 cloves, or 2VJ 

Ksw^x is 42 cloves. 

; • of W(M>I IS ^ 

A clove is ' 7 

A stone is |4 

A tod is 28 

A wey is <» Uxl and 1 stone, or 182 

A sack is 2 weys, or ;ifi4 

A last is 12 sacks, or 4, :t(>8 


III addition, in tlie section on excharif^t*, the tables for (he numtn’ 
of a number of foreign countri(«t and even citii^s are given: Spain, 
Italy, Venice in Italy, France, Portugal, Florence in Italy, PVankfort 
in Germany, Antwerp, Bruasels, A ms (mi am, Rotterdam, Hamburg 
in Gexmany, BritLsh Dominiona in America, the West Indies, Ireland, 
Denmark, and Sto 9 kholm in Sweden. 

Pike adt^B to doth measure: 


6 quarters of a yard make 1 ell— French. 

4 quarters, 1 inch and one fifth, make 1 ell — Scotch. 
3 quarters and two-thirds make 1 Spanish var. 
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In long measure, he omits the donominatioa of hand and odds the 
surveyors’ measure, S<juare measure is increased by the denomina- 
tions of stpiare inch, sq\iare foot, and square mUo, and ale or beer 
nuMisurc by (be denominations puncheon and butt. The table of 
dry nunisure is as follows; 

2 pints make 

2 (piiU'ts 

L’ 

2 >raiionfl 

•1 iHxks 

2 huslu'ls . ’ . 

2 strik(*H 

. . . 1 quart- ' 
. . 1 ixatlt* , 

. . . 1 JWM’k. 

. . 1 himfud. 

. . 1 strike. 

I C(K>ni 

2 ( <)omfl- * 

i quarter 

•1 quartcrH 

•1 J qmr.tTH 

MuarterK 

'2 weyfl 

. 1 chaldruDi. 

. 1 ('luLldroin in i^jiidon. 
i Wry. 

I liL-t. 


Solid (cubir) mnisuro, wliirli Dilwortli dors not givr, is ^ivrn thus 
bv Vikr: 


1 ilictiCH imikr . . . I !,>,,( 

I yard 

-|0 of n)Ui(d limiMT, or r>0 ft. of li*ovn tiinhor I ton or load. 

['2H (kjIuI fw*t, t. i\, H ill 4 111 hroadlh, 4 in hoik'll! i coni of wchkI. 


Tim tablo of Kr<ioral nioiK'y which wna (*stablis}i(‘<i in 1786 is given 
by IMvc under a sta^tioii headings ‘'Decimal tablra of coin, weight, 
and measure.’' The <lecimal tables of weight and measure was an 
atU'.mpt to decimalize the tal^(*s in conuiion us<», though the advan- 
tage of the fonn wliich h(^ gives is not oviilent. 

In Daboll’s text the great majority -of the ])rol)lems are stated in 
tenns of the money of the UniU^d States. .This is true also in Adams’s 
Sc/i(dar's ArUhmrtlc. But Fo<leral mom^y di<l not became generally 
useil until consi<l(*rably later than 1800. In 18 lo Adams deplon^s 
the use of English money and ‘to shew ^e great advantage which 
is gaino<l by reckoning in Fe<leral money” he contrasts “the two 
modes of account, and in separate columns on tiie same page," plac(-« 
the siune questions “in Old Lawful and in Federal Money." 

The simplicity of the decimal system, upon which the Federal 
money was based, was very soon evident and stood out in contrast 
to the haphazard basis of the other systems of measure. Chauncey 
Loo, in 1795, commenting upon "our tables of weight and measure" 
points oat that they “are as illy contrived for ease of calculation as 
can well bo imagined." And later he says: 

T am porsuadod that oxporience will soon evince the expediency, it not the abeo- 
lute nwesflity of FederaliKing all the tables of weights and measur(« and other mixed 
quantities, which have an iramedUiU) relation to commerce, upon a decimal scale. 
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After showing the inconyenionce of \-ulgar fractions for the pur- 
poses of caJcxxlation, he says: 

Thia inconveuieace will ever continue to operate in a greaU»r or leea degrtx* unUl 
this vul^ evil is plucked up by the root*,— all ihvep sunl, untoward frat?tional imm 
bere boniahod from prac tice, and the several denominations in all (commercial tables 
of mixed quantitice conformed to our Kodcral money and cslahlislied upon a dmiiml 
scale. To accomplish this is a task Ux> great for any individual in a republican \ - 
emment. It requiree the arm of Coiigreas to effect it. » 

He follows this with Fede tahltAs for avoirdupois weight, 

troy weight, liquid measure, dry measure, cloth measure, aputlu^ 
caries^ weight, and hoard measure. His plan involvt's keeping Ht 
least one unit in each table the same except in the case of troy 
weight. The following table illtjstrates the plan: 

Kederal Avoihucpoik 


10dn»mfimake I oun< e. 

iO'ouucee i |k)uiu1. 

100 pounds I huiKjntlwcigtiT. 

lOhundfodH I (hoi,(i;uid. 

The plan was not adopte<i, and there is iio tniee of it. in the aritlmic- 
tics of Da boll an<l Adams, w'hicli apjx'ared a few' years la U‘r. 

The American Accfmpt<ir}t is interesting historically also tx'emise 
it is the first arithmetic in which the dollar mark (S) Hpixuirs. The 
mark is in the form The.fo is *ilso a mark for dimes ), a mark 
for coats (//), and a mark for mills (/). But these are scarcely usixl 
in the text.* DaboU gives our present dollar mark, but uses also the 
abbreviation '*dols.’' He writes both 127 dols., 19 cents, and S tSI, 
72 cents. 

DaboU considers Kederal ^iiT’ so '‘nearly allitMl to whole num- 
bers, and so absoluUdy luxre^ary to bo understood by everyone ' 
that he introduces it imnuKliatcly following whole numl)ers. Adams 
plact^ it after decimal fractions and 15 pagers after table of Knglish 
money. 

The four fundamental operations wore usually rejx^ated for <leiioin- 
inate numbers under the head of “Compound Adduion,'' ‘ Com- 
pound Subtraction, etc. Dilw^orth divides his treatment of each of 
the operations into two parts, '‘simple” and “compound."' Pike 
and DaboU give the operations for “compound" numbers aftm nil 
operations have been given for “simple" numbers. There are no 
special rules in Dilworth's text for the operations with “compound" 
numbers, but other authors usually give specific rules. Pike recog- 
nizes as many as eight cases of “Compound Multiplication. " Reduc- 
tion, ascending and descending, was an important topic in the texts. 

I Fw KllaCTiflalon of th« origin of the dollar mar k,!»wr,C.*|orl: The Evolution of the Dollar Hark, I'cjpu- 
lar Bdenoe Monthly, vot. 81 , p. 531 . 
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If oocupios 10 pages in Dilworth's text, which marks it as one of the 
most important topics — addition, practice, and exchange being the 
only ones which are given more space. 

IhtU of three.- -There are three cases of the nile of tlm>e which 
Pike defines as follows: 

III** Smglp Rule of Thre<* Direct t-etu-heth, by having ihn e mimberH given. In find 
a fourtJi, that shall have tliesame pivix>rtion to the thini. tin ih,* Heroml hutii tn tin* 
firM. 

Th.‘ Single Rule of Three Iiivere<> teachoUi. by having ihre,- mimhere j;ivon. to I’md 
a fourth, which shall have the same propirtion to the secoml, us the hrst has to the 
thirti. 

Iho Double Rule of Three teacheth to rwolve such qut*8ti(mfl as rtNpiir** two or 
more, statinpt by simple proportion; and that, whether dir.M or inverse It is com- 
(Xwl (commonly) of 6 numbers to find a svtUi, which if the pojitorlion he direct 
niu,»l hoar such proportion to tlie fourth and fifth as Uie thiol, hears to the first and’ 
seeuiul: hnt if inverse, the sixth number must tiear such im.|x,rtion m the fourth and 
fifUi as the fiffit bears to the swoiid and third. 

For ccnturi(>s tliis rule was the basis of the ruJes for solvitig most 
of the problems arising in business. Its ajiplication was niutle so 
uiiivcrsiil that it wius often spoken of as "Tlie (iohien Kiile ’ of 
nrithinetic. We shall tlescribe the llirt'c fonns of tli.' rule and then 
'lliistrate tlie variety of practical .sitiiations to whicli it was applieyl 
in (he arithmetics of thi.s period. |A 

1 he rule given for the ciuse of din*ct proportion was to pick out ^ 
"the nimiber that asks the questioiF’ for the thirti tenn. take the 
one of the "same name or (jnalitv" forJ-he first tenn, and the remain- 
ing one which has the same name or (juality as the retpiired answt-r 
is th(> second term. The solution is then accomplished by multiply-' 
ing the second and thirti tenns together anti tlivitlinjr hy the first, 
the ipiotient being the answer. 

'I’lie pndilems under this niie wore of the type; “I( 6 lbs. of sugar 
cest ;»s„ what will ;10 lbs. cost at lbesa.ne rate?” 'fins typeof jM^b- 
Icin ivas often complicaUMi, as when the first and third terms were not 
of tlie same denomination, or when a term was exprt>sso(i in more 
tliHii one tlonomination. Pike recognizes seven cases of these com- 
plications for which ho givvs special directions. 

Problems requiring the rule of three inverse are to he distinguislietl 
from those belonging Ui the direct case — 

by au attentive consideratiou of the aenae and tenor of the queation propoeed: for if 
thereby it appeara that when the third term of the atating ia leae than the lirat.'the 
anawtir muat bo leaa than the aocond, or when the third ia greater than the firat, the 
ahawer muat bo greater than the aecond, then the proportion ia direct; but, if the 
third bo leaa than the firat, and yet the aenae of the queatiou required the fourth to be 
peatcr than the second, or if the third being greater than the first, the answer must 
be leae tli^ the second, the proportion ia inverse. 
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The required answer is then obtained by multiplying the first and 
second terms together and dividing the product by the third. 6\ich 
problems as the following are pla<;ed under this rule: 

“What length of board 7^ inched wide will make a square foot?’* “How'mauy 
yards of carpet, 2| foot \^'ido, will t'over a floor which ialH feel long and 16 foet wide?” 

Under the double rule of three we find such prohleir j as: 

If £100 gain £6 in a year, wha. nil £400 gain in ft months? If 6 men buMrl ji wwll 
20 feet long, 6 loot high, uml 4 feet thick in 16 days, in what, Urn r will IM nirn build 
one 200 feet long, feet higli, and 6 feet tliick? 

Tlioso are to be solved by two or niorc successive applications of 
the single nilo of three or by a special rule which is given. 

Such’ problems as, “If 40 lb. at New Yor^ make.48dl>. at AnWerp, 
and 30 lb. at Antwerp make 36 lb. at Ijoghom, how many Ih. at J^ew 
York are oqutd to 144 lb. at IjC'ghorn?” were placed under the s(^pa- 
rato heatl of “Conjoined Proportion.” * There were two cases 
depending u{)on whether the (juestion demanded how many the 
first measure were equivalent to a given number of the last, as in’ihe 
problem above, or how many of the last measure w^re equivalent to . 
a given number of the first. For each case a nde was given. ] 

Practuc . — Fourteen pages of Dilw’ortids text i.s devoted to “Prac;- 
tiee,” and judged from this point of view thisjs the most importmil 
topic. It is definoti by Pike as a — » 

contjftction of the Rule of Three birect. wlion the firnt term happ<*n« Wbe a unit, of 
one; and has ita name from ita daily uho among merrhanta and tradeamen. being an 
easy and concise method of working moet <iuoeliona which occur in trade and businew 

As a preliminary, a table of aliquot, or oven, parts of money is to 
be learned. Pike adds arable of aliquot parts of weight and a talde. 
of discount. Practice itself is divided by Dilworth into 10 eases, by 
Pike into 28, and by DaboU into 6, w'ho explains that “reckoning in 
Federal money will render this nilo almost useless.” 

The cases given by Pike are: 

When the price of 1 yd., lb., etc., ih an even part of one shilling. 

When the price ia pence, and no even part of a shilling. ' 

When the price is pence or farthings, and an even part of a fK>und. 

When the price is between one and two shillingB. 

When the price is any even number .of ahillings under 40. 

MTion the price wants an even part of 2s. 

When the price is between 2s. and 3s. 

When there are pence in the price which are an oven part of a shilling, beeides an 
even number of shUftings under 20. 

When the price la any odd number of riiiUinge under 40. 

When the price is an even part of a pound. 

When Che price wants an even part of a pound. 

When the price is shillings, pence, and farthings and not an even part q^ 4 tcund. 

When the price of a yard, lb., etc., is pounds, shillings, and pence. 


i 


1 This method of ootTing such problems was formerly known as the *'Chaln Rule." 
The Sducattonal BlfniOcance of Sixteenth Century- Arithmetic, pp. UMD.) 
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quantity is any number leas than 1 ,000, and the price not more than 12d. 
per jTird , etc. 

WTien the price ie such a number of shillings and pence, as, when reduced into 
pence, may be produced by any two numbers in the multiplication t Me, and when 
the quantity does not exceed 1 ,000, 

When the quantity is 240. 

When the quantity is not leas than 228, nor more than 252. 

When the quantity is 480. ^ ^ 

\\*hen the quantity is 160. 

WTien the quantity is 120. 

\\hen the quantity is 8^) yards, etc. 

When the quantity is 60 yards, etc. 

When the quantity is 180. 

\\ hei; the price ol dne hundredweight is of several denomination^, and the quantity 
likewise. 

When the price is at any of the rates in the second Practice-Table of aliquot parts. 

W'hen the price is any even number of shillings, if it be required to know what 
quantity of any thing may be bought for so much money. 

- To lindthe db .ount of any invoice, of bill of parcels, at any rate per cent. 

To find the value of goods sold by particular quantities. 



When the 


•Uthough the authors insist that “Practice” is “a contraction of 
the Ifule of Throe,” there is no trace of the rule of three in many of 
the specific rules which are given for the numerous cases. For 
example, the rule for case 5 mentioned above is: "Multiply the given 
quantity by half the price, ^and double the first figure of the product 
for shillings; the rest of the, product will be pounds.” There is no 
effort to give a reason for the rules. The pupil is ex-'rted to accept 
thorn on faith. 


/Iflrtcr. -Barter was a topic which incldded such problems as, 
“How much rice at 28s. per cwt. must be bartered for 3J cwt. of 
raisins at ,5d. per lb. V Such a problem was solved by the rule of three. 

Ffllmoship.~The topic of fellowship, later called partnership, was 
treated in the te.vts of this period as an appheation of the rule of 
three. The rule for single fellowship, i. e., fellowship with equal 
time, is, as the whole stock is to the whiJe gain or loss, so is each 
man's particular stock to his particular share of the gain or loss.” 
Problems in double fellowship, or fellowship with time, are to be 
solved by a similar rule. 

AUigation.-rSuch problems as the following are given under the 
head of aUigation medial: “A. farmer mingled 19 bushels of wheat 
at tis. per bushel, and 40 bushels of rye at 4s. per bushel, and 12 
bushels of barley at 3s. per bushel, together; I demand what a bushel 
of this mixture is worth I” The rule is: 


A« tha whole composition is to its total vUae. eo ie any part of the compoeitfon to 
jta mean price. 

AI%ation alternate is defined'iw “when the rates of several things 
we given to find such quantities of them as are necessary to make a 
81768®— 17 3 
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raixtTire which may bcAr a certain rate." There are three rVos 
which are illustrated by the uJlowing problems: 

A grocty* would mU three «ort« of »ugar together, viz, one »irt at KM. Ih , ariudu r 
at 7d., and wiotJier at 6d. ; how raueh of earh aort niunt he take that the whole mix duo 
may be aold for Htl. i>or Ih ? ■ 

A man being dotermiiuM to miti 10 huKlieU of wh(*at at In. hutilu-l with r\e at 
3fl., with barley at 2a , ami with oafj«at In. \wt iHishei. I (iemami how imu h rye, l>arle\ , 
and oaU mu^t bo mixtM with the 10 bunhein of wheat that Uie whole may he k.M i .r 
2Sd. per bushel? 

A grocer hath 4 Horta of nugar, viz, at 8<i. per 11)., at hd. |H>r Ih.. at hi jx-r Ih.. uiel 
at 2d. per lb., and h<* would have a (Mmixwition of an ew i. worth .'hJ. (x>r lb. J deinaml 
how much of eat'h aort ho miiet take? 

The rule for solving such n problem os (he lirsi is given by Pike 

U. V\Aci\ the «*V'eral prU'ee of the simplex lffiun|>lex|. being n'duaM to (h timui 
nation, io a column under each other, the leaxi up|>ermtw«t . and eo grad nail \ tiowriw anl. 
as Uioy increase, with a line of tx)nneclion at the left hand, ami tiic mean prit i> at 
the left hand of all. « 

2. (’onnoct, with a continued line, the i>rire of mch Kimplo. or ingnMienl, whn h 
ia less than that of the romi>ound, with one or any number ul tlnv^e, whit h are gnaii-r 
Iban the compound, add eath greater rale or price with one, or any mimber. of tin* 
ieas. 

3. THaco the difference, N'twetm tlic nu*an price tor nuxtun*-rate> and that oi . a- h 
of the flimplei), oppofUte U> the rates with whieii they are romux ttxl. 

4. Then, if only one diffenmee Ptand agaiuet any rate, it will be the i|Uatiii(y 
belonging to that rate, but if there b<’ several, their «um will be tlie ijuantity 

Toaplvo problems such as the second and third abt>vc, the rule of 
three is applied iii addition to the abt>ve rule. It is to be noted that 
such problems aro in general iiuleterininate, 'Fhe answer obtained 
in any case depends upon the manner in which the set^ind step of the 
solution is pt^rformod. Also, as we have noted beftire, no Httcni])t 
is made to give any reason why such a procedure should give tlie 
required result. 

Po^i/ion.— Position is the title o,f the topic whirb contains such 
problems as: 

Two men, A and B, having found a hag of monoy, diM|>Mto<l who nhould have it; 
A aaid the half, thini, and fourth of the lOoncy niado 130 L and if It ( ouhi icli how 
much was in it, he should have it all, otherw'iHc he whould have nothing, I dcnuKid 
how ihuch was in the bag? 

A, B, ahd C would divide 100 L between 'them, so that B may have ;t b more ^han 
A, and C 4 L more than B; I demand how much caeb man miixt have. 

Such problems as the first are solved by supposing a number and 
then appl)ring the rule of three. In problems such a,s the second one 
above, two numbers are to be supposed and the errors manipiilat(Ml 
according to a mechanical rule to determine the corrections which 
must be made in the supposed, numbers, 

EicJiange , — ^Under the head of denomr^ate numbers the lack t>f 
common Btandards of weights and measures was noted. This was 
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particularly true of the medium of exchange. Kach countrv' and 
sonieliines oven an imp,.rtant commercial city, had its orvn m'edium 

0 exchange. (See j). 24.) This situation gave rise to fnanv prob- 
U'lns of oxoliRngo. 

Dilwortli gives 1 1 cases under the head of ‘'Kvehang;. ’ which 
grew out of CAnninernal rolalions hetwvcn liondon and other centers ‘ 
of lm.sines.s. Tlio problem is to determine the e<|ni valent in Knglish* 
j^ioiicv <.f a sum (^xi)rc.s.sed in .the money of a foreign jilace. or the 
revarsd. No explicit directions are given, hut evideiitlv the nrohlenis 
arc to he solve, 1 hy the rule of three, or a contraction of it, when 

1 single niullipliciuion or division is possible. 

Although tlio present decimal system of moiiev in the Uiiited 
.States was e.stahlis|„..l in ITitf,, im univ,.miil ac eptaiicc h\ the sev- 
eral .stigps WHS .Iclaved, Prior to I7st> cadi of the sev.Tal StaU>s 
hao established its own .urrency. According to Pihe they had 
mlojitci a common iiK'tliiim of exclnmge in gronjrs as follows* New 
llampshire. Ma.ssadmset ts, Rhode Islati.l, Conne. ticiit, ami Vimnia- 
N. w A ork an,j North C'arolitm; New Jersey, PennsYlvania, Delaware’ 
an. Marvlaml: Smith (’aroliiia ami Cergia. In' mldition. Cana, la 
ami Nova .Noiia lia.l another m.nlium of exchange. Kach of tlujse 
(IV.. mon.-vs was a iiiodilicati.yi of the sysUnn of English moiiev in 
jH'tnKls, shillmgs, an<l pt'nro. 

•h,.se a.hhtional factors were ad, ie, I to the already complex prob- 
ietu of ev.-hang,. which wc have .hxs.rihcl. I'nder the head of 
luih-s for r,.,lii, ing l-e.leral .■oiii ami the ciirrcncits, ,.f tlm several 
I mied Stat,.s: also Knglish, Irish, Canada, N,..va Scotia, Li v res 
lourmns.aml ,s,)anisli milled Dollars, each t,) the par of all the other 
Pike giy,.s 7C nil.<s of this type: “To re.hie,. South Carolina and 
v...orgi« cuiT,.m y to New llampshire, Ma.ssaclm.setts, Rhode Islnml 
( -uim-ctieiit.aml A irgima curren,.y. ’ R,de: Multiply the South ('aro- 
liiia, ete., sum hy 0 ami .livide the jirodiict hy 7.’’ Thi4 topic pre- 
cclcs the ml,' of three, hut umler this rule a.'ditional problems of 

ex. hange are giyni. Later in the text a table of ex. hango is given 
for reference. r> & c*. 

Daholl gives a similar treatment of exchang,., and Adams, in 
conn, lent mg on the improvements contained in the revised edition 
, of his SchoUiVK .\nihm>’lic in 1815, sa>^ in the prefa,.e; 

Jtul wbat more iiarli. ularly , la,ma allciion iu U.ia roviar'.l dilion i» tho introduc- 
tion of Ifioru oof exchange, where the pupil ia made a,.,|uain„ d with Uie ditleronl 
, ii.T,.n..u« of the B,'veml States (that of .South Carolina and Geotgia only exrvptod) 
and how to change theee currenciee from one to another; also, to Federal money , M ■ 
Federal money to these aeveral currenciee. ^ ^ 

'his shows that the iioocisof business, which are reflected in Pike's 
eatment of exchange, were felt keenly enough as late as 1815 to cause 
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areviaion of a text which had previously omitted t hat part of exchange 
which had to do with the currencieaof the Bpveral Statcss. But, as 
Tvill appear in the consideration of the texts of the next period, the 
need was soon removed hy the general use of the Federal money. 

Pereenia ^. — Problems of loss and gain, discount, interest, etr,, 
which we now class as H])plicationH of percentage, are treated in tin* 
texts of this period, hut the to]>io of ]>en'entage itself dt)<*s not a]>]n‘hr. 
Cocker (1B671 first mentions per cent under profit and loss. After 
stating and solving three ]>rohleins having to do with the absolute 
loss or gain he gives the pmhlein: 

A (ira^x?r hoiiglit kerH(*yrt for 1?9 h. I itpiuAjnt ht)tv ho nuipt wll them p’r jMn/* 
to gain Ih L. in laving out 100 L. at that rate. 

The answer is justified hy saying: 

For a« 100 if) to U"> L. fH.) irt 129 to MSI. 7s , so that. I‘\' f Iw' pri'jvtrtion di‘in * I 
have found hoa’ mui'h ho iimat n'<'iMve for thi* Si> kerw’vs to after tie* rate nf. 

16 h, t>or (\ 

He continues his deveJopniene with the two fidlowing ])^ohlenl^': 

A grocer hought -tj t’. of (M*pj>or for !'► 1. I7s Id and nt pn^ving to hi» deinnihi^li 
he ifl willing to lose 1- h U>s. js'r et*nt . I demand how ho must *l ixt imuitii 

A plummor (wdd )0fo<ider of lea*! (the fiMhi(*r ('('ntaining H*) *' ' f*^r 2 (U 1. ].v nn,l 
gained after the rate of I? 1> lOs. iht 100 I. I demarul Imw mui'h it itv<t him [m i i'. 

In these, problems aiul tht^a^Tompanving cx]>lHnations Cocker is 
expressing the lossOr gain as ]>eing at the rate of so many poumis on 
each 1(K) pounds invested. The treatment of loss ami gain in the 
other texhs of tliis period not tjuite as explicit, hut it is in accord 
with the spirit of this. Per cent is written “ jier cent.,*’ wdiich shows 
that “cent^' was clearly underst-ood as an abbreviation b>r centum. 
Occasionally “per('(*nt” xv ns contracted to “per(\” 

Pike introduces profit and loss by saying that H 

b an <*X('idlent rule hy which men haiita and traders discover their profit «iid h*«ft ;*rr 
ceni or by the grow * * * It alno inf»n?\ictii them to rait*»M)r fall the price ol their 

go dll so as to gain or hw w> much />rr mit. etc 

Thia jndicales the rec(^u/ed function t>f the topic. 

Pike gives this probhun under the head of the’ rule of three: ‘If 
100 L. gain 6 L. in a year, whaf will 475 L. gain in that time?'’ But 
this seems to have been unusual. Dilworth defines ‘*the rate per 
cent” as “ a certain Sum agreed on between the Lt*nder and the Bor- 
rower, to he paid for every 100 Pound, for the Cfle of the Principal, 
which, according to the Lawns of England, ought not to be above 
5 L. for the Use of 100 L, for 1 year, and 10 L. for the Use of. 100 L, 
for 2 years; and so on for any Sura of Mony, in Proportion to the 
time proposed.” The rule is, “Multiply the principj by the rate 
per cent and divide the product by 100, the quotient is the interest 
requirod.” Pike, Daboll, and Adams give similar definitions and the 
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same rule. For days and montlis a][iqui)t parts of a year were to ba 
taken. For 6 pof cant a ftj>ociAl rule was given. 

l)il\vorth treats hrietly co!tip^>uii(i interest, and rel>ate or dis(H>unt 
{true discount) in Fart I. Later in Fan JII these topics, together 
witli other applications of ])en’entHge, are taken up with dmhualB. 
I'mler the liead of “Simple Interest” “ the ratit^ of tlie rate per cent” 
is(l<diae<i as “ only the siinplt» interest of 1 L. for one year at anv pn>- 
]><tse(i rate of interest ])er cent.* It is tt* he found by the application 
of the rule <»f tlu*t*e thus: 


rult' being stated <mly in term of a formula. No problem is solved 
out, l>ut ]>resiunahly tlecitnal fractions are io lu* cmployt'd in solving 
tile ])n»blcins. (\)iU]>ouiul interest is pn*s**nt<‘d in the same manner. 
Annuities and pensions in arrears, ]>resent worlli of annuities, annui- 
ties and leasts, and rehaU' or discount are considered for both simple 
and eoinpound interest. With only a very few e.xeeplions all pos- 
sdde easvvs are given. liesides these the tojiies of purehasing freehold 
or null instates and ]>urchasiiig freelndd est at*‘s iu reversion are treated 
in tlieir several cases. In all cast»s tin* rule is statiul iu tiTiiis of a 


l^ke adds eominission. hnikerage, [lartial ]>ayinenta. hiiying and 
Sidling stoi'ks, and polieiiw of insuranct' a.s ajijilications or phaa<^ of 
interest. 'riu>se topics are tn'at^nl very siinpiy with tlie exception of 
poluies of insnnijice, wiiic.h is given in eight cases. Four of these 
cases have to do witli prohlmns arising in inarino insurance. 

Botl; Dilworth ami Fike give e<piation <*f |>ay!Uonts hv the com- 
mon way and hy tlie true way. By tiie ronunou way the t>quateU 
lime of payment wuls found hy multiplying “each payment hv the 
nine at which it ” was due and tiien dividing “the sum of the protl- 
ucts hy the sum of the payments.” The rule for tin* true way is com- 
plic'ated, but it is bascnl on the recognition that to he al>solutely 
fair interest upon the amounts whose payment is, delay eii should be 
o(|uai to the (true) discount upon the amounts wiiich are paid before 
they are due. Daboll and A<lams do not mention ecpiation of pay- 
ments by the true way. Adams givc^ a Massachusetts rule for par- 
tial payments, and Daboll adds the Connecticut ^'ide. 

In the treatment of these several topics which we now associate 
under the head of the applications of percentage, decimal fractious 
are used only as a second method. Six per cent always stood for at 
the rate of 6 L. on 100 L., 16 on f 100, 6 cents on 100 cents, etc. To 
get from 6 per cent to .06 'the rule of three was required, and then .06 
was called the ^atio^ In the general organization of the texts after 
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Dil worth, decimal fractions were placed early enough so that ihey 
might have been u<ed dire<'tJy in the solution of problems wliieij 
involved "per cent,’* but in general they were not. The method nf 
solution was aecomplishe<i hv nii a])p)ieHtion t»f the rule of three, or 
directions were given to diviilc the prtHiuct by ItX) t»r to cut olT two 
places. 

Percentage wit It its s<‘vt‘ral is not c*Mitained in the t(»\ts. 

The range of application is as gn*at as we have io-<iay, htit thev wnv 
handled without the, t4M‘hm<|ue id p(*n'(uitage, 

T^ijy ami trrti liad to do with rules for inaking allowanci^ iti tho 
>veight of mervhnudisiv Tare was an iillowanee for the contamrr 
(l>ox, harnd, hag, <*lc.h TnUt was an allowance of t pounds <nit nf 
each 104 pounds lor "waste and dust in siune Hor\ of goods. ” ('loiF 
was aj) a<lditioiia1 allowanee of 2 pounds on i‘verv 'A huniiri\lweight . 

Progrr^siviuM, arithmetical and gconuUrirai (s(nnt*tinu*s railed juo- 
jmrtion) are tn^ijUed e.xlmuslivcly hy Pike aul parUtilly hy Dilworth 
and l)a)>oll ami not at all hy Adams. In geometrical prx>grt'ssions 
the problems an» im>slly concerning a crafty person wlio inaki^s an 
apparently fi>ohsh bargain. It. involvi^s a g<Munetrirah pn>gnssiou, 
however, ami turns out to he most pn>rital>le. The mertdiajit who 
8(jld 30 yanis of tim» velvet triinnu^tl witli gold at 2 pins for the hr>i 
yard, C pins for the secomi, IS pins for the lliinl. i‘tc.. is typical. 

Pcn«ti/u/iouJ^ WHS friHjuenlly given as a lopir. Tlie prv)hh'ins are 
al>out such questions as tlio nuinlaT of clinnges whiidi (’an he rung 
on a chime of Imlls. or how many dilTerent positi<nis a parts* <an 
a.s8ume at a dinner table,. Pike asks how* many s ariulions rail iu- 
niHile of the rflphahel. In Pike’s te.xt the topic of romhinalion.s \> 
addwi, and the whole lojsir elaborated intA> seven t'ases. Ihovevcr. 
the topic i.s usually very hrlcHy ln*ated. 

Evolution . — Dil worth disposes of st^uari^ hmU by saying to pnq'iare 
tlio given w^uare for oxtraelnm "by (H)inting off vvory two figuni^. 
He giv(« no further instructions, . ('ulx? root he exjilains in some 
detail,employing the relation (u i e)*- nM i S(u^ 't V.and ruh^are 
given for finding all roots up to and iiududmg the twelfth root. Pike 
gives an additional method for cube root and a gem^ral rule fir 
"extnw'ting the roots of all jiowers," hut not explicit y go iievond 
tlie fifth root. He gives also a general inetluai by approxinial imi. 
Adams considers only square and cube nnite. For tlu^e he gives 
elaborate demonstrations which are illustrated by cuts. 

Lon^Uude and tirn/. — 'Fliis had not yet become a topic in the texts 
of this period. Pike approaches the topic in four problems under the 
rule of three and in two problems under duodecimals. 

Merwur(Uion> — Tlie space given to mensuration varied. Dilwprjh 
does not mention it. Pike makes it quite a feature. He introduces 



all of the rul^8 of ^K>omoiry. (S«> Uhle of conlonta in 
ApptMuiix J lit tlu* otluT U*\is i( is iiKUftlly uien(iono<l. Tlie mon- 
>MriituMial prohlonm aro from rominonv rather than fmin tho t Hides. 

Ihi^nUntnah. Tart V of Dilworth’s text is dovx>t<Ml {o dikKiivn- 
uuiU or cn»ss imiluplicatioii. In (ho preface ho states that tlio topic 
\Mis aot citntiiinod in tho original text, hot addtsi in a rovisioii. I)n<>- 
<lc ilUaJs jir*‘ (It'tiinsl as fr8<*tioijs of a fool. t>r of an inch, or any part 
of all mrh haviii^r \ > for tlioir donoiuinalions.” Fis^t. niclux. sivoncls, 
lliinis. ami fioirths arc ustvi. It was tho pur|M>s<* to use a scale of 12 
in otilculal ions rather than tlie decimal si'ale upon which our nunilH^r 
s\<tom is ha'^sl. (,»tl»er texts of ti»e periiHi pve the topic: and the 
SN^lcm swns ti» have ho*n us<mI in practical calculations. Adams 
>l^oaks of It as a rule which is “ jiarticularly useful t 4 > w*»rknien aud 
nmlicors in rastin^^ nj) (lie contents of ihoir work.*' 
rhamut tih^! JnyrUng -AnthmelicaJ puw.los art' twea- 

‘'ii'iiallx found UHXcd in with praetjeaJ prt^hleius. In a^ldition, Home 
iiuiliors j^ive a h^t. of pu/./ii'is under the al>ovo or a similar title. This 
the case in the texts hy Ddworth and Adams and in their li.nts wo 
ri't ii|ftn/.e some fainihar friends from wlncli we select the followmij: 

Si > .Jail, (•'111.'* liairy. 1 cAit plii i* (uur r* h m iuumu*r tliAl 

ill’ ’ make r;tn iIo t«o Uh)? 

•\f» ! l*> Si !v(M. 

I ii»*t f*‘Vt*n wiv(*fi. 

Kvrry will* hiui aai'ki*. 

Kvi'ry fUi'V tit^i n*Vi*u l aL*, 

Kvi'(y ( al hiul si*v<*u kiu, 

Kill*, rath, reirku amt wiveji. 

Hnw many wvrt' piiuf* ti* St Iven? 

ThpiM* ji'alnufi Inminuwln with Omir wi\i*^. n‘^iy to )iai«i hy ni^ht over a river, 

tiJyl al thi* w’AU'rKi.ie A lM>ai which ra.i carry )mt two ;><*rT«inLti al once, amt for want 
' I it w lUcrmuii they arv to h»w Ii)ea4ei*lveft over tlu* ri\er at M*venU time«: 

TIm .pioKth.n M. how nliall tluvtt' j^ rxiUfi jhlws 1? tiy l\ Hit th&l none M the ihrtH* w'ivaa 
m.i\ Ik* hniml in iJu* coinjainy of one or two nmn, unle^w her huAlMUnl l>e pui-wenl? 


Proofs. Dilw'orth es what ho calls a for many of tho 

rules of iiis text. Hu. tht^o "proofs” are rather checks U(>on the 
eperations than a pnmf of (he rule. A very Common fonn of proof 
\t:LS to n*verse (he order, i. c., *ako the answer obtained and work 
hut k tt) tlie (Uimlitiuhs of the pn>hh*ins. In the case of a<ldition and 
multiplication, it meant tt> change tho order of perfonuing tho 
operation. " ("asting out tho nines" was used as a method of proving 
multijilication and mldition, hut Pike aa^'s, following his exposition of 
this method of proof: 


However, the inronvenioiicy attends this mothotj, that, although llie work will 
always prove right, when it is so; it will not alway-s be right when it proves »o; I have 
thert‘fore given tim demonsUation gkuo for Uio sake of the curious, than for any real 
advantage. 
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Types of problems, — ^A very small per. cent of the total number of 
problems, call for^the arbi^ary manipulation of abstract numbers, 
such as, “Multiply 4786 by 753,“ or, “ What is 14 per cent of 8392 f ’ 
This is due in part to the relatively small apace given to the fundtt- 
mental operations and to the absence of provision for drill upon 
special rules, such as percentage. There are a number of problem^ 
of this type: “Reduce 16 miles to* barleycorns.” Such problems are 
essentially abstract, even though they have to do with concrete 
Quantities. They lack, the setting of a practical situationf which colb 
for the operation. Instead, the operation is dogmatically demanded. 
Furthermore, the problems of tliis type were not always constructed 
so as to conform to the demands which are made by actual practical 
situation. For example, it is difficult to imagine the practical situa- 
tion which would demand the above process. 

A somewhat different type of problem, but being practical only in 
a slightly greater degree, is the following: 

From the Creation to the departure of the laraelitea from E^gypt was 2,513 years; to 
the aege of Troy, 307 years more; to the building of Solomon's temple, 180 years; to the 
buildii^ of Itocae, 251 years; to the expulsion of the kings frt)m Rome, 244 'years; to 
the destruction of Carthage, 3r>3 years; to the death of Julius Cspsar, 102 years; the 
Christian e/a, 44 years; required the time from the CYeation to the Christian era? 

While such a problehi might arise, it is unusual, and the way in 
which it is stated leaves the pupil to construct the situatioii wliich 
would give rise to such a problem. 

A large number of problems, in many texts a majority, were prac-^ 
tical in the sense that the statement of the problem incl tided a 
description of the practical situation which demanded the calcnila- 
tion. But because of the excessive classification of problems under 
particular rules, the pupil did not need to use his undersWiadiiig of 
the practical situation to determine the operations which were 
required. 

The method of yrtseviing a topic, — The manner in w^hich the authors 
introduced the pupil to arithmetic is typical of the spirit of the texts. 
In Daboll’s Schoolmaster's Assistant, which was probably more ex- 
tensively used in the United States after 18Q0 than any other arith- 
metic before Colburn *s, the pupil was introduced to the subject as 
follows: 

Arithmetic is the art of computing by Dumben, and has five principal rules fur ittf 
operation, via, numeration, addition, subtraction, multiplication, and division. 

Kunmration is the ait of numbering. It teaches to express the value of any pro- 
posed number by the following characters or figures: 

1, 2, 3, 4, 6, 6, 7, 8, 9, .0— or cypher. 

Besides the simple value of figures, each has a local value, which depends upon the 
plice It eteads io, via, any figure in the place of units represents only its simplest 
value, or so many ones, but in the second place, or place of tens, it becomes so many 
Ians, or ten timee its simple value. * 
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In the Scholar*s AritJmitiCf by Daniel Adams> the subject wm 
begun as follows: 

Arithmetic is the art or science which treats of numbers. 

It is of two kinds, theoretical and practical. 

The theory of arithmetic explains tiie nature and quaUty of numbers, and demon- 
strates the reason of practical operations. Considered in this sense, arithmetic is a 
science. 


.'I 

:4 
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?rac!tical arithmetic shows the method of working by numbers so as to l>e moat useful 
and expeditious for business. In this sense arithmetic is an art. ' 

There are six pages-of definitions of this sort, and an explanation 
of the system of notation, before any problems are given. Addition : : 
is begun with the definition, followed by the rule for addition and for 
proving the work. "iTie first example is: “ What will be the amount 
of 3612 dolls. 3043 dolls. 651 dolls, and of 3 dollars when added 
together?’' There is nearly a page of explanation. This is followed 
by nine abstract examples which complete the topic of addition ■ 

- except for a '‘Supplement to Addition,” which was added in the . 
revised edition. . '5, 

In treating a topic four elements were recognized— definitions, rule, -i 

explanation^ and problems. If the topic permitted being subdi- 
vided into cases, this was done. The presentation of the single rule 
of three direct in Pike’s text is perhaps typical. 


The Rule of Three Direct teacheth, by ha\'ing tliree numbenB pven, to find a foprth 
that ehall have the same proportion to the third as the second hath to the firet. 

If more require more, or leas require loas, the queetion belongs to the Rule of Three 
Direct. 

But if more require leas, or leas require more, it belongs to the Rule of Three In veme. 
Rule, 1, State the question by making that number which asks the queation the 
third term, or putting it in the third place; tliat which ia of die same name or quality 
as the demand, the first term; and that which is of the same name or quality with the 
answer required, the second term. 


2. Multiply the sef.'ond and third numbers togt'ther, divide the product by the 
fim, and the quotient will bo the answer to the queation, which (as also the remainder) 
will bo in the same denomination you left the second term in, and which may be 
brought into any other denomination required. 

Two or more statings are sometimee neceesary, which piay always be known from 
the nature of .the question. 

The method of proof is by inverting the question. 

But, that I may make the method of working tliis excellent rule as intelligibloaa 
possible to the learner, I shall divide it into the several cases following: 

1 The fourth number is always found in the same name in which the second ia 
given, or reduced to; which, if it be not the highest denomination of its kind, reduce 
to the higheet, when it can be done. 

2. ^en the second number ia of divere denominatiOtas, bring * It to the lowest 
tnentioned, ^d the fourth will be found in the same name to which the second Is 
reduced, which reduce back to the highest poeaihle. 

3. If the first and third be Of different names, or one or both of divers denomiiui- 
' films, r^uce them both to the loweat denomination mentioned in either. 

r 4. When the produrt of tfi|» second and third ia divided by the first; H there be a 
^^malnder^ aft^r the diviaion, and the quotient be not the least denomination oC.ita 
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kind;^Ui«n multiply Uie reamjider by th»t number, which one of the eamo denomi- 
nation with the quotient contaiDfl of the next ie«, and div-ido this product ax,Tiin 
by the first number; and thus proceed ’till the least denominalioa bo found, or titl 
nothing remain, 

5. If the first number be greater than the product of the eocond and third , thtui bring 

the second to a lower denomination , , 

6. WTien any number of barrels, bales, or other {mckages or piocee are given, (a< h 
containing an equal quantity, let the content of one be reduco<J to the lowest name, 
and then multiply by the given number of packages or pieces. 

7. If the given barrels, bates, pieces, etc., be of unequal contenis (as it must gen- 
erally happens), put the separate content of each pn)perly under one another, then 
add them together, and you will have the whole quantity. 

The arganizaticn of the texte . — The plun of organization of the texts 
of this period was topical, and there was oonsiclerable agreement in 
the general arrangement of the topics. Numeration was iiiiifoiinly 
the first topic. Sometimes notation was also included under tliis 
head, as in Pike's arithmetic, or it was given as a separat<» U)pic us in 
Adams's Scholar*8 Arithmetic. This was followe<l by the four funda- 
mental operations for integers, and these in turn by denominaU> num- 
bera, including reduction, compound addition, etc. Federal money 
came to have a place early in the text. Fractions, both vulgar and 
decimal, came late in the first texts (see tables of contents in-App(‘n- 
dtx). In later texts (Pike, DaboU, and Adams) they" im media toly 
followed oom,pound numbers. The rule of three in its variety of 
foms was placed after fractions, and in turn it was followed by jirac- 
tioe, tare and trett, exchange, interest, brokerage, etc. 

Adams has a rather unique general plan of organization. After 
disposing of numeration and notation he divides the remaining con- 
tient into four sections as follows: 

Section I. Pundameiital Rules of Arithmetic. 

Section II. Rules essentially ne<‘es8ary for every i>erson to fit and qualify tbm 
for the transaction of business. 

Section III. Rules occasionally useful to men in particular empIoyment.H of life 

Section IV. Forms of 'notes, Ac. 

Specifying the rules of Section II, he says: 

JThese are ten: Reduction, fractions,* federal money, exchange, interest, com- 
pound multiplication, compound division, single rule of three, double rule of throe, 
and practice. 

A thorough knowledge of these rules is sufficient for every ordinary occurren co 
in life. 

A ^mmary, ^The most prominent feature of tlie arithmetic texts 
of this period was the large number of rules which were to be dinictly 
applied to problems of trade and commerce. The texts were essen- 
tially conunercial arithmetics. The solutions of the exercises were ' 
to be written as opposed to oral and the subject was frequently called 
'' cyphering’’ for this reason. 

** to tliow and toillu>izi«iuj 
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Prifnary and mental arithmetic , — The texts which wo hBve described 
W6ro not intended for young children. lu fact, during this period 
arithmotic was seldom taught to children before the age of 8 to 10. 

' Tlio content was limited to written calculations and mental arithmetic 
did not exist. Between 1800 and 1821 there wore a few attempts 
to make arithmetic *'easy” for children.* The general plan of these 
texts was tho same as that of the ones we have described. Some of 
tho topics were omitted, and the treatment of tho others was less 
elaborate. Tkoy possessed none of the essential features of the » 
primary texts of tho next period. There was one attempt at a 
mental arithmetic.’ Tho text w'as mental only in the sense that 
rules and facts wore to bo memorized and short cuts emphasized 
so that the pupil could make tho calculations mentally. There were 
no luialyses. It was not a mental arithmetic of the type which 
became prominent a few years later. 

Tho appearance of these texts is sigiiificant in that it indicates a 
tendency which culminated in Colbum^s First Lessons^ which is 
described in Chapters IV and V. 

Texts not exclusively devoted to arithmetic addition to texts of 
thv typo which we have described, there were a number of books 
whic h wore encyclopedic in tho range of topics treated. They w.^e 
usually published under such titlas as, ^*InstrucU)r,’* ‘^Companion,’' 
"^Usistant,” etc. Tlie following complete title of a book of this type 
gives a good idea of the range of topics. Out of a total of 384 pages, 
94 are devote<l U) arithmetic, not including bookkeeping. 

The Instructor; or, American Young Man’s BesU'ompanion. Containing, 8; ing. 
Reading, Writing and AriUimelic, in an easier way than any yet publishw; and 
. bow to (jualify any person f<»r buaineeH, without tho help of a Master. InstrucUona 
to write Variety of Hands, with Copies, both in Proee ayd Verse. How to write 
Letters on BusineKH or ^>iendslup. Forms of Deeds, Bonds, Bills of Sale, Powers 
of Attorney, Indei. Hires, Receipts, Wills, I^eases, Releasee, etc. 

AIho, Merchants’ Accounts, and a short and easy Metliod of Shop and Bookkeeping; 
with a Description of the Product, Counties and Market Towns in England and Wales' 
etc. ’ 

Together with the Method of Measuring Carpenters’, Joiners’, Sawyers’, Bricklayers’ 
PlMterers’, Plumbers’, Masons’, Glaziers’, and Painters’ Work. How to undertake 
each Work. With the Description of Gunter’s Line and Coggershall’s Sliding-Rule. 

Likewise, the Practical Gauger, Made Easy; tho art of Dialling; How to erect j^nd 
fix Dials; with Instructions for Dying, Colouring, and making Colours; and some 
General Observations for Gardening every Month in the year. 

To which is added, Tho Family’s Best Companion: With Instructions for marking 
on Linen; How to Pickle and Preeervo; to make divers Sorta of Wine; and many 
e^Uent Plasters, and Medkanes, necessary in all Families; and a Compendium of 

» ExwnpIeB of sooh teirta an: Arithmalic Made Rasy to ChOdnn, by Enunor Elmbec. aeooDd 
AfUbmelloal Primor for Young Uaatars and Mlasee/by Samuel Temple, ISWT 
* White: A Practical System of Uentai ArilbmeUo, or a Now Method of Makiiw CaloulaUcin by 
Action of the Mind without Pen, Ink, Pencil, or Paper. 1818. 
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the S uencee of Geography and Aetronomy containing a brief Deecription of the * ' 

■ ^ ‘ different ParU of the Earth, imd a Survey of the Celeetial Bodi^. 

^ Also Several Very Ueoful I'ablea. 

By George Fisher, Accomplant, 30th Ed. Roxnaed, Correote<l. Enlareed, Improved. 
Printed at Worcester, Maas., 1786. by I. Thomas. 

The contnbuf\/n uj the period , — Tho sixtoonth century has boon 
called the great constructive period in tho dovelopnient of arithimlic. 

A comparison of the texts used in the United States hofoie 1821 with . 
the description which L. L. Jackson gives in The Kducaiumal Slgni^ 
jicance of Sisiemth Century Arithmetic shows no important advance ^ 
o^r the arithmetic of the sixteenth century except the introdiuJion 
of decimal fractions. But only partial use was made of decinnil 
fractions, even after tho introduction of Federal money, until after 
‘ the close of this period. “Rules reducing Fe\ieral (voin, etc.,” 
represent the only important addition to the (‘ontents of Dilworth'p 
Schoolmaster' 8 Assistant and earlier texts h}^ English authors. 

The contributions of the ciphering book period to the development of 
J. arithmetic as a school subject were (1) tho arousing of interest in arith- 

' metic suited to the neods of the United States, and (2) tho cultivation 

of a sense of discrimination in tho selection and organization *of the ^ 
subject matter of arithmetic. The first is shown by- tlio number of 
texts by American authors which wen» published between 1788 and 
1821. Tho second is shoAvn in a gmieral W'uy by all tho. texts. In 
particular it is shown by tho contents and fonn of organization of * 
Adams’s Scholar's Arithmetic and in Daholl’s attitude tow’ard fractions. 

^ These two contributiojis are significant not so much for what was 

V accomplished during this period as for the fruit they bore in the next. 

The content oj the instruciian, — When tl^e arithmetic artually taught 
, is considered, it must be noted that in the latter portion of this 
period something of arithmetic was taught in four types of schools; 
Dame schools, public schools, private* schools, and academies and 
, r colleges. Tliese will he considered in order. 

Dame -Dame schools, as the name signifies, were kept by 

women, usually maiden ladies, who were willing for a small coinpe- 
r . tence to care for very young children, thereby relie \ ing their mothers 

of that burden. This was the main function of tlie dame schools, 

> ' but in addition tlie children were usually taught their letters and 

, occasionally to read. Often no more w’as possible because of the 

/ • very limited ability of the one who gave the instruction. Occa- 

^ ^ sionally the children were taught to count and to chant the addition 

* and multiplication tables. With the exception of the most preteii* 

|o **' )ious of these schools, the instruction in* arithmetic did not extend 
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with integers and to these operations for denominate numbers. The 
following is typical of a number of statements relative to the latter 
part of this period* *^ 



Arithmetic wa« taught from ))il worth, a book making no allusion to a decimal 
currency, and having lit tie or no adaptation to the ordinary requiremqnu of buainea*. 
If we reached the “Rule of Three,*’ we were quite gratified with our attainmenta. 
Most of Ufl cAme short of it.* 


It should be noted that in Dilworth s Schoolmaster a Assistant the 
rule of throe began on page 129, immediately following reduction, 
which was preceded by only notation and the four operations for 
integers. Wickorsham says: 

Before 1800. he was considered a remarkable scholar who in a country school had 
ciphered beyond the rule of three, and few schoolmasters made pretension to a knowl- 
edge of arithmetic more extensive.* 

Warren Burton in The Digtrict School as It tells us that: 

My third se^n T ciphered to the very last sum in the rule of three. This was 
deemed quite an achievement for a lad only 14 ye.arfl old, according to the ideas 
pre veiling at that period. Indeed, whoever cipliered through the above-mentioned 
rule was supposed to have arithmetic enough for the common purposes of life. If 
one proceeded a few rules beyond this, he was considered quite smart. But if he 
went dear through— miscelfoneous questions and all— he was thought to have an 
extraordinary taste and genius for figures. Now and then, a youm, aft*r having 
been through Adams. entere<l upon old Pike, the arithmetical sage who “set the 
sumH" for the preceding generation. Such were called great “arithmeticians. *’ * 

111 New York City m 1815 wo are told that, of the children studying 
arithmetic, 208 were in addition aad subtraction, 110 in multiplica- 
tion and division, 15 in compound numbers, and only 10 in reduction 
and the rule of threfe.^* 


Private schools , — In general these were schools for giving iiistniction 
in special subjects, such as arithmetic and writing. Hence the 
instruction in arithmetic was more pretentious than that in the public 
schools. Advertisements of schoolmasters of about the middle of the 
eight eeJith century have been preserved and are indicative of the 
scope of the instruction in those schools. These are some of the less 
pretentious: 

I^rom the Newport Mercury of May 22, 1759; “John Sima, whool master in the town, 
school, teacheth reading and wriWng, arithmetic, both vulgar and decimal, geometry, 
trigonometry, and navigation, with several other branches of "Mathematics.” 

Another notice from the same paper, under date of December 19, , 

1758, states: ' / 

“Sarah Osborne, schoolmistress in Newport, proposes to keep a boarding school. 

Any person desirous of sending children may b« accommodated and have them i 

' liamard: Amw. Jour, of £duc.j 738L 

* J. P. Wfoktraham; History of Bduoattoh In Pemuytvaiila, p. 192. ^ 

* Pp. 110-113. 

* Barnard; Anwr. Jour, of Educ., 19: 609. 
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instructed in reading, writing, plain work, embroidering, tentstitch, eeunplerfl, otc., 
on reasonable terms. V > 

A few schoolmasters j however, were moie pretentious in their 
announcements. ? 

In 1746 the ^paster of the Anne Arundel County School was John Wiimot. who 
concisely and expeditiously taught '‘reading, 'R'riting in the most usual hands, gram* 

^ mar, arithmetic, vulgar, decimal, inHlrumonlal, algebraical, raert'hant s ac(^unfe, 
with the Italian motli >d of l>ookkoeping, geometry, trigonometr>*, plain and spherje, 
with their applitations, sur\'eying, navigation, astronomy, dialing, likewise the um 
of the globes, and sundry other parts of mathematics.”* ’ ** 

Peter Robinson, at Upj>er Marlboro, near which place youth may be boanlH. 
taught "reading, vrriting in all hands, arithmetic in whole numbers and fraciinns, 
vulgar and dwimal, alsi> artificial arithmetic, Iwth K>garithmi<'al and logisUfal, with 
instrumental either by inspection, rabdologia or prt>j>onionaI scales, gtHimetrj*, Ujih 
superficial and solid, w'itli moiisurations of all kinds, either in longimctria, phuio- 
motria, or 8te^etmlet.^>^ as surv(*ying, fv.>rtification, gimneK', gauging, et<' ; trigo- 
nometry, both plain and spherical, with navigation either in plain, ^ mercatnr. or 
circular sailing, also dialing, all sorts and ways, either ariUimotically, geometrically, 
projective, reflective, {‘oncave, or convex, cotimography, cejestial or astronomital. 
and terrestrial or geographical; astronomy, piytJc^ i^pd 'thooretii'al ; grammar, rner. 
chant’s act'ounts, or the art of bookkoopaig after the Italian manner; algebra, Kmlid'a 
eleraouts, eU*.; likewise the description and of sea charts, maps, quadrants, hire 
staffs, no<'tumal, protra<*tor, st'ales, (’oggersliall's rule, sta tor, gauging rod, univcr«d 
ring dial, globes, and other mathematical instruments 'IJ 

A ciphoring book executed by Miss Catli urine G. Willard while she 
was attending the Ladies Academy, Boston, 1809, conUiins the fol- - 
lowing topics: Numeration, atlditioii, subtraction, multiplication, di- 
vision, compound numbers (j>encc table, lawful numey. Federal mohey, 
Troy weight, avoirdupois weight, apothecaries weiglit, cloUi measure, 
long measure, square measure, cubic^easure, win'^ or beer measure, 
ale measure, time mejasure), addition, subtraction, inulti plication, and 
division of com pound numbers, reduction by division, n'ducticm hv 
multiplication, single nile of three direct, single nilc of three inverse, 
double rule of three, single fellowship, double fellowship, simple inter- 
est, compound interest, exchange /practice (20 cases), liills of parcels, 
disoourit, barter, tare and trett, loss and gain, equation of payments, 
commission, brokerage, buying and selling stocks, and policies of 
insurance. 

Few ciphering books are accessible in libraries, but such as it has 
been possible to examine indicate that the range of topics w'as gen- 
erally loss than in this one, although one was examined which included 
even a greater number of topics. 

Academies and colleges , — In the academies and colleges such a text 
as Pikers was used, and someth^ of the science of arithmetic as Well 
as the art of ciphering was attempted. The students were more ma- 
ture and they were able to advance beyond the pupils receiving 
instruction in the public schools or even in most of the private schools. 
In 1804, 16 academies reported to the regents pf New York 963 stu- 






1 W. H. Tolmso; Hist, of Hlghsr Eduo. In Rhode IsUnd, p, aOl 
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lU'iits. Of this number, 429 wore studying grammar and arithmetic. 

In 1801 a two-volumo treatise on mathematics by Samuel Webber, 

Hollis professor of mathematics and natural philosophy, of Harv^ard, 
was published. Of the first volume 245 pages are devoted to arith- 
nietio. Li an ^Ivertiseftient in Hio sec^md edition it is stated that 
“Tile design in making tliis compilation is to collect sui table ^exer- 
be pi'rformed by the classes at the private lecture on mathe- 
lii^jjl^givon in the university (IIan*ard).'* There- is a close r-orre- 
s|{Wpm*o between the topics on arithmetic and tho& > found in the 
fii-st j 45 pages of Pike’s arithmetic, but the text is even more ad- 
vanced than Pike’s. It is noticeably more alwtract and pliilosophical. 
Numerous footnotes-^contain explanatory material, often concerning 
the reason 5or a rule. 
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Chapter III/ 

THE CIPHERING BOOK- METHOD OF TEACHING 
ARITHMETIC. 


Th^ dithering bof^k\ —The. most conspicuous feature of the manner 
M teachiiig arithmetic during this period is tlie absence of texts in 
the hands of the pupils. It was the unusual exception for a ])upil to 
possws any sort (>f an arithmetic-, text until toward tlie close of tliis 
period. Even when a pupil posst^od a text the usual plan of in- 
struction does not appear to have been altered. Ln fact, as we 
shall show', many of the early texts w-ere specific attempts to facili- 
tate and not to change the plan of teaching. 

When a pupil was thought old enough and dasired to leam to 
“cypher/ he provided him.self with a blankhook which was ma le 
of a quire of paper folded and sewed together. This was his " cypher- 
ing book.” The children of the more well-to-do parents often had 
“bought” ciphering hooks. The paper of these w'hs of good (juality, 
and the books were bound with hoard or leather covers. In Hp[)car- 
ance they rosemhled account hooks of tteday, and doubtless tlicv 
excited the envy of those who wen> compelled to content theiuse.lvts 
#ith the homt’i-mado product. 

Having been equipp<^d with a ciphering book, the pupil annoiuu ed 
his desire to the master, provided iiib^tniction in aritlunetic was givc-n 
in the school. If not, he must go else when' for this part of his edu- 
cation. In either case the procedure w*is the same. The nnustcr 
usually possessed a (Sphering hook which he had mmlo when ho 
learned to cipher. Ho set the pupil a “sum.” often the first one in 
^his own ciphering hook, and told him the rule for its solution. Tim 
pupil w-ns then (o w'ork out his own salvation. One pupil dascrihed 
t his expt^rience as follow's: 


C': 

’a-' 


' Atlength, in 1790 or 1791, it waa thought that I waaoid enough to learn to “r> 7 )her,'' 
and accordingly wa« permitted to go to school more constantly. I told Uie maater I 
wanted to leam U> cypher. He set me a "sum” in dimple additioii-/iY ro/»mn.s of 
figuree and Kr figurf^ in each ^lumn. All the instniction he gave'm- was, Add 
the hguree in the first column, c*arry one for every ten, and set the over-plus down 
under the cofttmn. I supposed he meant by the jtfrrt colunui the left-hand column, 
but what he meant by carrying one for every ten as much a mystery as Samson's 
riddle was to the Philistihee. I worried my brains for an hour or two, and showeni 
the master the figures I had made. You may judge what the amount was when the 
columns were added from left to right. The master frowned and repeated his former 
instruction, Add up the colui^ on the rights carry one for every ten, and set down 
the remainder. Two or three afternoons (I did not go to school in the morning) were 
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Spent in this way, when I begged to be excused from learning to cypher, and the old 
gentlenuin with whom r lived thought it was.time wasted; • * * The next winter 
thrn> wae a teacher more communicative and belter fitted for hia place, and under 
him (dine prejjreed was made in arithmetic, and I made a toferable acquisltioD in the 
firet four ndee, according to IM I worth’s S^koolnuutfr' $ Anutant. of which the teacher 
and one of the eldest boye had each a copy. The two following winters, 17H and 
IT'.trt, I mastered all the rulm and examples in the first part of Dilworth; that is, 
through the \'arious (‘hapten* of rule of three, practice, followup, intereet, eU\, to 
gi*(um*trical )m'>gn'HHion and i>ermutation.' 

or problom was worked on a acrup of paper, of ton 
ct>arso wrappmg paper. Ijater alatos worn used. After the pupil 
had iinished the 'sum” to his own satisfat'.tion, he earried his work 
up to tlie master’s desk for a})pn>val. The approval frequently con- 
sisf'*d in the master comparing the pupil's work with his own in his 
ciphering hot>k. This solution had ret'oived his master’s stamp of 
approval in this aainci y ay and probably couhl boast of several gener* 
Htioiis of imbn)ken descent. If the pupil’s work was identical with 
the master’s, it >vas approved and was onlered copied, together with 
the ’’rule/' in the ciphering book, to be preserved. If then> was not 
identity, the pupil was frequently commanded to "do it all over 
again,” oven though his work was com'ct. One pupil describes ^ds 
experience thus: 



p 


Prinled antlunetit's were not liwed in the Boston schools till after the writer left 
them,* and the ciwtom was for the maeter to write a problem or two in the manu- 
script of the ] ipil every other ..ay. No boy wa« allowed to cypher till he-waa U 
yearf( old, amt writing and cyphering wen* never performed on the same day. Miater 
Til(**(U>n had lxH*n taught by Master Proctor, and all the sums he set for hia pupils 
were (opied exactly from his old manuscript Any boy could chpy the work from 
the manuscript of any further advluiced then hitnself, and the writer never heard 
anv explanation of any principle of arithmetic while he w-as at st'hool. Indeed, the 
pupiln believed that the master (xmld not do the sums he set for them, and a story is 
told of the good old gentU man, which may not be true, but which is so characteristic 
AS to afford a very just idea of the ('ouree of instruction, as well as of the simplicity 
of the RU]x*rannuated i>«*dagogi]e. * 

It is said that a Ixty. w-ho had done the sum set for him hy Master Tileston, carried 
it up. as usual, for examination. The old gentleman . as usual, took out his manusciipl, 
compared the slate with it, and pronounced it wrong. The boy went to his seat and 
review'ed his work, but finding no error in it returned to the de«k and asked Mr. 
Tileston to ho good enough to examine the work, (pr he could find no error in it. 
This was too to require of him. He gniwled. as bis habit when displeased, but 
ho compared ;'ie sum again, and at Iasi, with a triumphant smile, exclaimed: “See 
here, you nurly (gnarly) wretch, you have got it ‘ If four tens of hay cost so muth, 
what will seven tons cost? ’ when it should be, ' if four tons of Mnglith hay cost so and 
•so.* Now go and do it all over again.’* • 


Tlie origin of this plan of teaching probably >yas dlie to the scarcity 
of texts. But the continuance of a method of instruction which did 
not make use of a text can not be due to texts not' being available 


■ JoMpli T. BuoXlnghun, In Barnard’s Aowr.. Jour, of Bdue., 13: 130. 

' * John Ttleaf^ taught tn the North Writing Bchtet o^Boatoo trdtt 7V3 to UtS. 

from 1795 to 1M6. Thla would plaoa tfaa ol thh abouUMO. 

* Wn. B. Powitf, In Bamarifi Ahmr. Jddr. SW. 
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AWTHMimC AS A 80HCM3L' BlTBJECT. 

daring the eighteenth ronturv. Severe! texts hy English authors 
were known in the Coloniee in the early part of the eighteenth cen- 
tury. (See p. 18.) That these texts did not become generally us<‘d 
in the schools and the method of iru$tructk>n correspondingly chaiig «(1 
seems to have been due maiuly to a belief in the enicacy <if the method 
of teaching arithmetic without a text. To ho atire, !>ooks were ni(>r(‘ 
expensive then than now, if the. purchasing value <tf monev he taken 
into account. But this condition does not seem to liave jireventcd 
the printing and distribution of religious writings and the lUniosi 
universal use of the Ps*dtcr and catcclusiu in the schools. And 
certainly in the .study of I.Atin ^texta must have benm iisiMi. 'Flten^ 
were a number of printing proft<sc:i in the ('oloni(«, but they were 
engaged laigoJy in turning out contniversial pamphlets of a ndigions 
nature. 

When pupils came to he pn>vide<l with texts, tlu' |in>cediire was 
essentially the same until after the close of this period. Wickersham 
gives this description : 

With a book of hia own. the pupil eolved the problems cxmtainetl in it in thoir 
proper order,, working hard or taking it as it pleastMl him, showwl the 
to the master, and if found correct gt*nerally copied them in a blank lx^>k pntvidnl 
for the purpose. The matter ct^pied einbrat'ed al>out the whole i>on tents of the ariih- 
meiic, including headings, deiinitioms. rules, and eaampliv. Some of ihc'ee old mami 
acripl ‘‘i'yphoring Books,” the Ix^il one may sup|>oso, having c\>me down tlinnigh 
aeverml generationa, are stiil preserved among old family rt*eurds. btwing tc*tiinony 
to the fair writing and the careful copying, if not to Uie arithmcti<'al knowdtdge. «'f 
those who prepared them. When a pupil was unable to solve a problem, he had 
' recourae to the master, who aolve<) it for him. It sometimevs happeninl that a dozen 
or twenty pupils stood at one time in a crowd around the master’s <hy;k. waiting w i»h 
sUbM and problems to be solved. There were no classee in arithmetic, no 
^tions of procoesee either by master or pupil, no domoastration of principles either 
aaked for or given; the problems were aolvetl. the answers obtaimd. the sol til ions 
copied, and the w'ork was considered complete. That some |X'rsons did obtain a 
good knowledge of arithmetic under such teaching must lx* a<lmitud. but this re.nnlt 
was rl&wrly due rather to native talent or hartl persona) labor than to wise direriimi ’ 

.^Lnotlier interesting account of the teaching of arithmetic is givt*n 
in The District School as It Was, The writer was horn in IHOO and 
the m^count was first published in 1833: 

At the age of 12 I commenced the study of arithmetic, that chieh^t of soienr'ee in 
Yankee estimation. No man is willing that his son should be wiUiout skill in 
figures * * *. 

The entering on arithmetic was quite an era in my echoolboy life. This was placing 
me decidedly among the great boys and within hailing distance of manhoorl. My 
foelings were consequently coosidefably elevated. A new Adams's arithmetic of 
the latest edition was bought for my use. It was covered by hand with stout dieep- 
aUn, in the econoihical expectation that, after I had done with it, it might help 
itfll yownger heads to the golden sdenoe. A quire of fool^p was made to take the 
fom of a manuscript of the full length of the aheet, with a pasteboard cover, as more 
witilliAe to the di^ty of sucji superior dlinenrions than filmy brown paper. 

Blit, of Xdtte. » Paomwhai^^pp, soMOt., 
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I had a brand-new aUte, for Bon used (athor'a oJd ono It waa net in a frmme 
wnmght by the aforonid Ben, who prided himeeU on. his knacV at toela; ronaiderinit 
that he had never nerved an apprynUreehip in their une. There waij no lack of timber 
in (he fabrication. Mark Martin aaid that he could make a better frame with a jack* 
knife in hie left hand and kwp his right in hia pocket. 

My fimt eiorciee wan tranecrihing fr<»m my arithmetic to my mamisrript. At the 
ti pof the first page 1 A RlTHMKTK' ’* in twpitaUan inch high and broad 

ihai thin one word rea4^‘he«! entirely arrow the |>age. At a (iuo diaUnt'e below I 
wn*te the wool ** Addition ” in large roame hand. lx»ginning with a lofty A, which 
like the drawing of a mountain peak, towering above the level wUdermw 
h'low Then came *' Hulo/' in a little emaUer hand. that there wan a regular grada- 
tion from the enorninua capitaiB at the top. doa n to fine running, no. hobbling hand 
in which ! wrote off the rule. 

.\‘nw slate and p^Micil and brain came into uae. I met with no difficulty at fiwt; 
simple addition awe aa wun' aa <x>unting my fingers. But there waaone thing I could 
II" t tmderstAiul — liiat carrying of teua. It waa alMidutcly ne<'i'«wry, | perceived, in 
order to gt‘( tile right answer; yet it was a nnutery' wliich (hat arithnietical oracle, 
ntir w'h(Kd muster, did not fit to explain. It is powible that it wa« a mjTitery to 
him, Tlien came HitMra^'lion. The la>m>wing of ten waa anoUier unar<x>unUble 
('leTHlion, Tho rt^aoon oetsined (4> me then at the very U>ttom of the well of acience; 
«nd there it remained for that winter, for no friendly bucket Imni^t it up to my 
n'ach. 

Kvery rule was transcrilxHi to my mamifM-ript. and each sum likewise as it atood 
jtrnjssMHi in the lx»ok, and also the whole pn><'«w of figUrea by which the answer waa 
fimiul . 

1 -ach rule, unmMJver, was, or rather was to Ik*, omimitunl to memory, word for word, 
which to me was tho moBt UnliouH and dilficuK job of the whole.' 

Th(' puqxise of Uwtii in th<' hantls of pupils whs (o lighten tho labor 
of llu3 mttstcr as woll as to assist tho pupil in undorstandir^ tho sub- 
ject. Dilworth saj-s in his profa<-o: 

After returning to you my inwt hearty thanks for your kind acceptarx'o of my 
(i'uitie tn /Ac KnglUH Tongtie, t>ennit me to lay b, fore you the following pages, 
which an* intended as a help towarti a more siXM*dy im|irovement of your tsdiolars in 
nunmers and at tho same time to take off that heavy burden of writing out ru!e« and 
qiioslions wdiirh you have ao loijg laboured under. 

And laU*r: 

And now, after all, it is portsihle that eome, who like !>ost to lrea<l the old bealeii ^ 
Path, and toswtatat their Buainont when they may do it with Pleasure, may start an 
Objo^’tion against the Use of this well intended Awdstant. 

Ariothor autlxor writoa in more detail and lots us see more of the 
schoolniiim technique and . tho reason for having printed texts: 

Having some time ago drawm up a set of niles and proper questions, with their 
answers annexed, for the use of my own echool and divided them into several bookUt 
as w(dl for mom ease to myself as the readier improvement of my acholara, 1 found 
them by experience of infinite use; for when a master (akt^ upon him that laborious 
.(thou^ nece^ary) method of writing out the rules and questions in the children’s 
books he must either be toiling and slaving himself, af ter.tbe toil of the school is over, 
to get ready the books for the next day, or else he must lose that time which would be 
much better spentin imtiructingand opening the minds of his pupils. • • ♦ There 
i . was, however, still an inconvenience which hindered them from giving me the mtis- 

s — — — — L_ 

* WSrrwi Burtoa: Tb* Dtftrict School M It Wa*, pp. lia-iu. 
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fftcUoD I Atfinrt- exp«i't4?<]; i. e*, where there »re revenU boyn in a rUw, eome one (^r 
other must w&it UU tho boy who fi^t has the 1>0tik hnishos lha wriUug out of thuso 
rules and qiitwtious hv wants. whu l\ dotaln« the others frpm making that piTyre^w thv>; 
otherwise might, liad they a preper lxx>k of rultw and example* for tniy h: to reinetly 
which 1 was pn»mpto<l to ('t»mpile tmc*. in orxior to have it |mute<l, that it might nut 
001 / he of use to my own K'buol but to sarh othorn as would have their M holars tnaku 
a quick prtigrow.' 

Daniel Atinrns na\N in the ])rofnoi' to his S’lndar's Arithniotic : 

We have miw the te-stimony of many rt^nux-tal lo U*ai hrrs to holit'^ <- tjiat this wurk. 
where it has luM*n intnMitirtvl into HrluMih. has proviMt a von* kind asKir<tant ^tsaid a 
more speedy and thur\>ugl> impruveiueiit of M-hoUiv in uumlH^rH at)d at the saiiuMiun> 
hasrtdiov<Hl inastorn of ahi*g\ y hunliMi of writingoui ndi^natid qtuvtjou.H tu.Jfr w‘hi< h 
they have «> long labfirvxl t<* Uio munifni«t irngh'^'t o^otlior p ‘its of thtdr mdusds 

Tho Pupir A O'nuir, hy RtMijaniiti Dourlxir!! (17S1M^ is simply h tol- 
loctuiu (if tho '‘most usoftil rttlos in rtrithmotic/’ 1'ln* Isstk I'ontifuts 
no eXAinpli^ ur lt*< puqKKM* was “to lt*ssei. tlm labor of 

the maator/' 

A fow authors attempted to factlilato this plan *»f instrticlitin even 
more than by simply j>rovidinp a .sourro for prnbhuus and nil(‘s. 
laaat' GrtMMiwtHMi, tho first Atm^rioan to wnt<’ an aritlunrtir wlm h ^VJls 
published. sa)'s in his preface: 

The Header will ol>>ervo’, that the antlitu has insoii«Nl mulor all thos^-* rule**, whrri* 
it was proper. KismpleA with ltUnkt« for hiK pno tii i' This was n prinri|'ttl Knd \>> 
the Vndertaking: that such pf^rsons a-* wore dtsenms fhenM)f might ha\ e a romprf' 
hooAve Oolhwtion of all tho host Jliilof^ in tin* Art of N\i in bring, with rxainpli" 
w^retighl hy thomH<'lvos And that nothing might he wa»bng U> fuvutir this doKigu 
tho InipresKion is maifo \i|sm m?voral of th(^ lsv<t Sorts of PaiST This nn'th *d »- 
enlirtdy new, « ♦ ^ 

Daniel Adams oinlMulies this same feature in his Scholar s Arith 
motic in IHOl. He says in his prefaetv 

To aujfwor the M*veral intentions of this work it will ho neressary that it shontd lo 
put into tho hands of e\ t‘ry anthinotirian; the blank alter <k»rh example is de.*dgnrd 
for tho oj>eraUon hy tho w holar. which being first wrn\ight ujM>n a slate or wasu* pajM-r 
ho may afterwards trans^TllH* into his h(v»k 

Thia text apj)arcntly uttiuiUMj some popularity, for by 1SI5 it hail 
gone through nine editions. 1 have setm a ciipy j>rmted as late as 
1S24. I have a copy j)r>nUxl in 1H20 which Ix'ars the imprint of tire 
hand of acme pupil w ho doubtless lalx>red long over the involvtHl and 
obscure exert isi^. 

Wh^n Dudley Ltiavitt edited* an abridged edition of Pike's S>"slem 
of Aridinietic in 1826, there was also published — 

A New (’^fpheriug Hook, adapted to Pike’s Arithmotie ahridged; rontaining ilhis 
trative notee, a variety of useful Mathematiral Tables, eU'., with blank pages of 5ne 
paper, sufficient for writing down all the more Interesting operations A 

* fMds W«lktn|i&iw*i TutoiW AjstaUat. pnlm. TIls h a taxi by aa Bi^ab atithcr. but wu 
ivptkltM ta thto.oomury. 

' Aomt, Jour, of Kdue., 183S, p at. . 






CIPOTMNG BOOK KBTirOD OF TRACHmO ABITHMETIC. 4ft 

?oxtein the hands of the pupils grew in favor, and thus the masters 
Were ri^ioved from tho burden of st'tting sums and dietatiiig r\dcts, 

1 he pu]>il had lH>th in his (ext. Rut in doing this aiiotluT iuy* 4 i was 
( Many of tlie instruet<irs ]>rrtetK*HJiv no aritluueti- 

4 Eli iiluhty. St little, that the jiupik Indieved that the mastera could 
not do many of the suniH. and without their owu ciphering IhriIcs 
wouli! he iieipiess. Thus when a new or ililTereiit prohh*ni aj>j)eared 
111 the texts, master and pupil alike were }au*]ile\»si if they rovild not 
locate it under a kimwn rule. ’Fhe following is ty]>ieai of what one 
may imagine hajijHuied freijuentJv^ 

\ law hii.i juftt (>4SMi rtHinirni^; tJiat examomhourt AmiUI ncm* 

liu- uvi liy thro** t'tuimiimitniers unclo* Utwitsliip :u* lu»«) Imrhi 

Uh* i-nu'Oie I nhali uu\ furp'l. ' nuy?i ijnMir, my firyt tukiof 

ihi* now Tkr only <iutvOnn *j»1un 1 me 4t my I'ln-l cxAmiiuUiim wa/«. WUaX u 

iJo* erotacl nf ('<*nts l»y '2h t Wo wivx* noi lut oxaoi th»*n art jhm'JiIo an» now, 

W o ha*! only Ihko'rt wnhim*ii, , wliii li tlu* Mjmn tihl ihe nil«*s Tlu«s‘ woivixm* 
mJooxI aU U)||( liity Muw 1 u-ll tJu* pn^lm t ot 1V> roiils by '2^ (XjnUi, 

wlini Niu'h a proliiiMi) t-owM imi In* fotoiJ in ilio Uxii? Tin* oxmninor tliiMigiit i( w'wa 
aj I oni.s but wiw ma ,mrt‘ I thtniKbi jwM ivt In* bin thi!^ tnoamtUI to both 

ol UK W e iti* merit/K for an Imur or nmrr , wIhmi ho .!<*< tlul ho wa/« mire 

1 '»,iK t<» t«ioh aiiil a first «'];i.<«4 1 t*rtii»i*ato wu/* mo ’* • 

As Will he slu'wn a luth* later, new !v|vt^s of texts htyau to appear 
in 1S_M. lo make jstssiMe tinnr use. it wms iieces-surv t 4 > a 

key for the use of tht‘ teatber. A key. houml tutlier with tin* t 4 »\t 
4U* >ejtarat4*ly, lavaim^ au i*ss4*ntial part of a series of ant liiue tics. 

ilic tts4» (d tln» cipiu^riug hook is S4> tonsjiicuous in the plaii of 
instructioiuiml in tin* purjH>se 4»f the text.sof this jMu.oti that it fw^aius ■ 
appropriate t4> call the ptTiod in the 4h*velopi]itMit> of arithmetie up 
(o 1S21 (he “('vpiiering Htwik Period /’ 

Although the ciiiliermg hook represents tin* most conspieuoas 
feature of the t4uuhiug of aritiunetic tlurmg this periml, a careful 
analysis of the met Inal of teaching iweals otlier fa*'t 4 )rs of funda- 
luental unp>rUince. 

/’ro//( tJti^ ahfctivd U) tJie conrrr(4\ -We have sliown tluit tlie texts 
wen* oixani/ed upui (his pripcipie. It reprt^sent.s also tho order of 
tlio instruction. The ex|M‘ntun e of the ]>oy wiio wiw stnrUMl on a 
“sum in suuple ailtlitiou — five atlutnus of tigums, ami six in 

each column ’’--seeiiLs t4> he typh al. ^ 

In his Scholar's AntJmn^Uc Adtuas prtisenU ahstraetJy the four 
tiporatioixrt for integers and addition and subtract ion for ■•com{H)und 
imnihore.” Following the completion of this sis'tion of the (ext, he 
says: 

The scholar haa now survoyed the ground work of arithmetic. It has Wore been 
iulimated that tho only way in which nuuil>erH can l>e affwteKi is by the operaliona 
of addition, subtiactiou, luidtipUcation, and diviaion. These rules have now been 
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^tp ^ppipffMand ooaoms ?! Ifl?. Purtiier, the Oils fjeedlW^ Md th*t which 
dbOngnUMt the aritl^ticUn, is to ki^w.how to proceed hy »ppUc»Uon of (Ium 
finer niUt to the solutiori of «ny arithmetical question. To afford the scholar this 
Ittio^iedge ia the object of all the succeeding rules.* 

Not only was the above dictum literally followed, but it mani* 
fested itself in the form of proceeding from the general to the par- 
ticular. ^ It appears that educators of those da}^B really thought this 
the proper order. 

Memcriter method, — As must necessarily be the case when tlio 
above order is followed, the memorj^ was emphasized almost exclu- 
sively. This was certainly true in this early period, Adams 
*J*robably only expresses the consensus t)f opinion when he says: 
“Directions to the Scholars: Each rule is first to be committed to 
memory; afterwards, the examples in illustration, and every remark 
is to be perused with care/^ * . 

A very vivid description of the method of teachifag arithmetic is 
given by another author: 

The boy, advanced perhaps some way in his teens, is sent to a winter school for two 
or three months to complete his education; for lie <'an not aUend in any other season, 
nor then indeed but quite unsteadily. * But as he is almost a man he must ^ to schij 
to eypJitr; and as he has but a short time for the business he must cypher fast. He 
foee to school, vulgarly speaking, raw, perhaps scarcely able to form an arithmetical 
figure. His master sets him a sum in addition, and it may be tells liim he must iiirry 
one for every ten; but why, isi toystery which neither master nor scholar gives him- 

any trouble about; however, with a deal of pains, he at length gets his sum done, 
without ever being asked, or knowing how to read the sum total, or any numlxT 
expressed in the statemevt.^ 

But it is cyphering, and that is suffideid. If he is tauglit to commit ^ly of the 
rules to memory, he learns them like a parrot, without any knowledge of their reason, 
or application. After tliis maimer he gropes along from rule to rul e till he ends his 
blind career with the rule of three; and in the end, tlie only aifflibest account he * 
can give of the whole is, that he has been over it. But he has completed his school 
education, and is well qualified to teach a school himself the next winter after.* * 

ITie ideo of assisting the pupil not a pari of the teacher^ s creed,' — In 
these early days the function of the teacher was to maintain order 
and hear lessons. The doctrine of interest had not yet been pro- 
mulgated in this country, nor was it considered necessary to moti- 
• vate the work of the school, except, perhaps, by punishment' in ca.se 
the le^ns were not satisfactorily prepared. In the accounts of the 
teaching iii these evly days we find no mention of attempts to as- 
sist the pupil to cippreciate arithmetic. The study of arithmetic 
WAS liot compulsory during the greater part of this period. The 
pupil did not undertake the study until he desired to do so, and pre- 

p. 7. 

AAt sitiUdhcMsBqrie of thA iMtluid of tnttmolioii, X hsTO iotosSy kBowa sltd of 18 , who, «ft«r hiTisx 
vsy^ ow sU raleo'ol or imotlo it % onaaon sc^oot^ wm uttarly unoblo or 

.SSiHaMsny isasUiw oociM^f^ loitf piKM 0^ 
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sumab^ stadied it CNply 80 }io^ pleiaed bin^ or w 

parents* Certain incentives QQmbined to exditOji&tereat in^:<tbo 
jcct. For example, ciphsring was a relatively rare . a/yfttiip liflbw^q it^ 
particularly until after 1800* Because of the im who ooold, claipi 
the title of ^^arithmeticker,’V.the title carried with it ^nsidemUe 
distinction and honor as well as some practical advantages. iJeo, 
the subject was relatively new and considered 4ifficult* • Those con- 
ditions combined to cause rivalry,. and one can easily imagine, the 
zeal with which the children to whom such a thing appealed attacked 
sums which had a reputation of being difficult. Under thw e condH 
tions the need of motivating the work in arithmetic would not be 
felt as keenly under our present conditions. But when intereat, 
in the work flagged, as it must have at times, or when a pupil faikfd 
to become interested, we have no evidence that it was oonsideied 
the te^er’s function to stimulate interest except by one meana, 
i. e., punishment. In ^me cases the pupil was allowed to drop the 
subject. 

The master set or dictated sums and rules and examined, 
pupirs work, or where the pupil possessed a text he had only to ex*’ 
amine the work. These were the essential features of the instnuy 
tion. In the case of some teachers they represented the total of 
instruction; other teachers were more communicative, ’’ Just what 
this quality was we are not told, but we may draw some oonclusiona 
from the texts of the period which were presumably written by some 
of the ‘‘more communicative'’ teachers, the text the 
given to the pupil is limited to isx explanation, or demonstration, 
of an examine which has been selected to illustrate a rule. The 
explanation is little more than an elaboration of the rule for this 
special case. The foUowing explanation of the first example in 
division in Adams's Scholar's Arithmetic is typical. The example is* 
Divide 127 by 6. ^ 

Proceed in this operation thu«: It being evident that the diviaor (6) can net be 
contained in the first figure (1) of the dividend, thefefoie aanune the first two figoree 
( 12) and inquire how often & ia contained in 12'; finding if to be 2*timeS, place 2 in the 
quotient, and multiply the divisor by it, aayi^ 2 timee 6 ia 10, and place the aum 
(10) directly under 12 in the dividend. Subtract 10 from 12 and to the remainder (2) 
b'ling the next figure (7) at the right hand, making the remainder 27. Again, inqhite 
how many times 5 in 27; 6 times; place 5 in the quotient, multiply the ^vieor (6) by 
the quotient figure <5), saying 6 times 6 la 25, pli^ the aum (25) under subtract, 

and the work iad<me. Hence it appears that 127 contains 6, 25 times with a remainder 
of 2, which left after the last subtraction.' 

Such assistance is ‘ * telling” with no attempt at developmentv ^ 

attitude is: The rule is, difficult because it is not finely enough divided. 
Hence we will state it for a particul^ case in ihore detail. No 
attempt to develop the topic or to teach the pupil to think is indi- 
cated. ' . 
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^"^-ZXei^Mlbw {fuAnieti^i^It ba^ jiist ^been diown '^that thara was 
prictii&a^ ho attamp^^ to mstruot pnpib, biit in so far as there Was 
•any plui for guiding tbe pupO in his learning it was deductive, i, e,, 
from wle to problem. The textbool^ were arranged on this plan, 
Imd the evidence indicates that school practice followed this order 
exchisively. 

No dtiU . — As has been se^, the texts made practically no pro- 
vision for drill, and ciphering books of the period indicate that no 
drill was given. Speed contests and rapid drills were wanting. A 
partial reason is that blackboards and slates were unknown until 
near the close of this ^pyiod. Paper was expensive, and the manu- 
faoturo and repair of ^u ill pens took much time. There appears to 
have be^ no drill, even upor>»the multiplication tables, except in 
the dame schools. At this swe of his education the pupil could 
not write, and hence his work must be oral, and drill upon the numbc'r 
facts was a feature of it. 

No oral an^Am^fic. — The work was all written except the very ele- 
mentary instruction in number given in the dame schools. The be- 
ginning of oral arithmetic, or as it is more generally caUed, mental 
arithmetic, belongs to the next period. 

' Indiviffyal instruction . — ^ITie very nature of the ciphering book 
method made impracticable class or group instruction. Though 
little instruction wtia given, the pupils had individual contact with 
the mai^ter. The practice of having examples explained to the class 
by either the teacher or a pupil comes in a later period. 

An objtdim resvU . — ^The accumulating collection of examples and 
their solutions furnished tangible evidence of the pupil^s progress. 
By both master and pupil this objective result was consciously 
striven for. Incidentally, neatness both in the making of characters and 
in the arrangement of the work was insisted upon and usually secured,. 
Ciphering books which are still preserved are models of neatness and 
skill in writing. 










PART IL— BEGINNING OF THE PESTALOZZIAN MOVEMENT IN AMERICA 
AS APPLIED TO ARITHMETIC, Oft THE WORK OF WARREN COLBURN. " 



Chapter IV. 

WARREN COLBURN AND HIS RELATION TO' 
PESTALOZZI. 

The begiiming of a epoch in arithmetic and arithmetic teaching 
in tlie United States was marked hy the appearance of Warren Col- 
burn’s FirH Leeaona Ariihn^eHc on the Plan of PeataUan, in 182l‘^ 
Arithmetic was given a place of increased importance as a soho<d 
subject; the content of the texts was changed almost labruptly; the 
aim of arithmetical instruction was modified to include mental train- 
ing as an important factor; and much of the instruction in arithmetic 
b^ame oral. Warren Colburn exerted a greater influence upon 
thfs development of arithmetic in the United SUtes than any other 
person. For this reason it is entirely fitting that we give here a 
brief account of his life,* 

Warren Colburn's early Zt/e.— Warren Colburn was bom March 1, 
1793, in the part of Dedham (Mass.) called Pond Plain. In 1794 or 
1795 the family moved into Clapboard trees parish, later to Hi^ Rock, 
and in 1800 or 1801 to Milford. Richard Colburn, his father, was a 
fanner, and the early life of the boy was spent on the farm. Pre- 
sumably he participated in the usual activities of farm life. At tbi 
age of 4, Warren attended a summer district school. At Milford, 
he began to attend the winter district school. From Milford the 
family moved, about the year 1806, to Uxbridge, where he continued 
to attend the winter terms of the common school. 

It was at this last place that his aptitude and expertness m arith- 
metio began to attract attention. His father encouraged this apti- 
tude by taking into the famUy Mr. Gideon Alby, an old schoolmaster, 

^ whp was good at figures. Mr. Alby instructed the boy in “cyphering” 
during the long winter evenings. 

^ About this time Wvren .Colburn seems to have developed either a 
diplftste for the’ fum,.or an aptitude fof maohmery and certain lines 
«f ittanulaeturmg. Apparently on hia account, the family left the 
farm about 1810 ^d moved to Pawtucket, R. I., so that he might 
^vatheppporiurnty to l^am soraethi^ of machineiy and 

Tl ^ Colburn’, lia I. ka Moount In Bmanl’. il 

















the iMxifiTeyearohe worked m and itwasnot '^| 

Qntii the stmuher of 1815 that he began prepare himself for college.. ^ 


I BatBMdVAiiMr. lotur. Iff JEdiie., Wl. 






cJiist why he devdoped a desire for a coll^ education is not told us, 
>but,ok)arly ha possessed, a, very keen motive for it., Such was his 
/ieal that he prepared for college within 12 months, although appar- 
ently he had not studied languages before. For this reason he was 
ill-prepared in all except mathematics when he entered Harvard 
CoU^ini816. r 

His lifi in college and after . — Ihroughout his college course he 
was recognised as excelling all his classmates in mathematics. It. is 
that he applied himself with equal faithfulness t</^e classics, 
and in spite of his poor preparation he commanded the respect of 
his instructors and 'stood well in these classes. In mathematics he 
mastered the calculus and read tlu^ugh a considerable portion of 
the great wprk of Laplace. He graduated in August, 1820, at the age 
of 27. ... 

Colburn received the genuine respect of all who knew him. At 
ceflege he was liked and respected by all his classmates, although he 
was not accustomed to participate in the social activities of college life. 
He was older and more mature than his fellow students and seems to 
have taken his college studies very seriously. He^q^as not brilliant 
in conversation nor in public speech. Soon after Colburn’s death, 
Dr. Edward G. Davis, a classmate, wrote of him as follows: 

Ib the constitution of Colburn’^B mind, many circUmstancefl were peculiar. His 
mental operations were not rapid, and it was oitly with great patience and* long-contin'^ 
ned thought that he achieved his objects. This peculiarity, which was joined with 
an uncommon power of abstraction, he possessed in conunon with some of the most 
gifted minds which the world has produced. Newton himself, said that it was only 
by patient reflection that he arrived at his great results, and not by sudden or rapid 
flights. In Colburn this slowness and patience of investigation wer^leading traits. 
It was not his habit, perhaps not within his power, to arrive at rapid conclusions on 
anyjnbject. * * 4 conclusions, reached slowly and painfully, were estab- 
liihed on a solid basis, and the silent progress of tiare, that great test of truth, has 
served 'uut to verify and confirm them.* 

The trend of his mind at the time of leaving college is reflected 

his thesis, whiesh was **On the Benefit Ac<»iiing to an Individual 
fxiCon a Knowledge of tlie Physical Sciences." One paragraph is 
espedally significant: 

The purpose of education i#to render a man happy as auindividtial, and agreeable, 
Ua^^, and impeccable as a member of society. To do this, he ought to cultivate all 
me powers of his mind, and endeavor to acquiro a general' knowledge of every depart* 
metit ollitetature and science, thd a gefterid acquaintance with the world by habits 
^Uf ' eon^bafiohi And this is not iuconsiBtent. with tile most intense app&oition to 
^;'«fli^vQstterpmauit.* i ,<■ 

W Imtviiig iflofifige is m example of the opMon he 

ji^re^ Althonii^ ehgaged (|s a atiperiiitendeiat of A man- 
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, ufaoturii^ oompany, a posi^n of responaibijity tod ono iiviuoh 
required constant attention, Cblbum found time to o<mtin,ue' his 
. educational endeavors. Hia algebra was completed after le%viag the 
schoolroom. He was one of, the-founders of the American Institute 
of Instruction, and in 1830 delivered a masterly address before that 
body on “The Teaching of Arithmetic." 

During his collegiate onurse he taught during the winter months 
m Boston, in Leominster, and in Canton. After leaving college he 
began teaching in a select school in Boston. He continued in this 
school for al>out two and a half years. He then gave up school-teach- 
ing and went to Waltham as superintendent of the Boston Manu- 
facturing Co. In August, 1824, he became superintendent of the 
, lowell Merrimack Manufacturing Co., at I»well. He continued in 
this position until his death, September 13, 1833. 

In the winter of 1826, Lowell was incorporated as a town, md ai 
the first town meeting Mr. Colburn was chosen a member of the 
superintending school committee. It is said that in order to pro)ride 
time for proper attention to the affairs of the new school system, the 
committee often held their meeting at 6 o'clock in the morning. Mr. 
Colburn served on this committee for two years and was reelected 
in 1 831 , but was excused at hia own request. He was elected a fellow 
of the American Academy of Arts and Science in 1827. Also, for a 
number of years he was a member of the examining committee foi* 
mathematics at Harvard College. 

, While at Lowell he conceived a scheme for the intellectual improve- 
ment of the community by popular lecter*^-*^ on scientific subjects, 
'fliroughout the autumn and winter of 1825 he gave illustrated lec- 
tures upon natural history, light, the seasons, and electricity. He 
continued giving popular lectures for several years, varying the con-, 
tent somewhat from year to year. On one occasion he received and 
accepted an invitation to deliver a series of lectures before the 
Mechanics Charitable Association in Boston. 

' CoJhum'8 arUhmHics . — It was while teaching in Boston that he 
wrote his arithmetics. The First Lessons in Intellectual AriOmetie 
came from the press in the autumn of 1821. The Se^ud to ^ First 
Lessons was published about a year later.* 

In 1825. Oolbuni published An Introduction to Alyeira, upon the 
Inductive Method, of Instruction. Although the algebra .was not 
published imtil after he had ceased teaching, it was a part of hia 
origmally conceived plan which had its incipiency in his teaching 
experience. 







Th® date of pubH^tioli of tlie Soqtie] b&s been erroneonrfy gtveii as 1^, and one writer has It 
a«1826. Ndtber of these dates leoonrect. The compiler ofthis report has in his posswision a copy bearing 
the date of 1832, the date of copyright being Octobm 80. 
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V idf, B^lteMer, off CkiiSsbridge, states: 

‘ ’i remember once, i;i conversing with him with respect to his arithmetic (the First 
LaMms), he remarked that pupils who wme under his tuition made his arithmetic 
forkiai; that he had only to hU attenti<m to the questions they fudeed, and the 
lirpper answiefe and explanations to be pven, in order to anUdpate the doubts and 
difficulties that would arise in the minds ot other pupils; and removal of these 
doubts and difficulties iu the aimpLeat manner wauR the foundatmn of that system of 
instruction which his schoolbooks were the means of introducing.! 

He published about the same (ime a series of reading books for 
young chUdren. Each book of the series contained some appropriate 
instructions in English granunar. It is said that liis method of pre> 
senting grammar gave results scarcely less admirable than in arith> 
snetic. Before liis death he had plaime^lk revision of his Sequel 
which was intended to meet the criticisnis which had been made upon 
it. Unfortunately ho had not committed liis ideas for the revision to 
^yriting and nothing has come down to us of what probably would 
have been a work of oven more merit. 

TTie First “Lessons wps immediately introduced into the schools 
and enjoyed greater popularity than any other aritlmietic ever puh- 
liabed* In 1856 the staUuuent was made that 50,000 copies were 
used annually iu Great Britain and 100,000 annually in tlie United 
States. It was even translated into foreign languages. Iu the 
Boston Public Library there is a copy priiiUHl in raised type for the 
blind. 

The first teachers who used the First Lessons were entlmaiostic 
in their praise of it. - Mr. Thomas Sherwin, principal of the high 
school, Boston, said: 

I regard Mr. ^Colburn as the greatest benefactor of hia age, with respect to the proper 
development of the mathematical powers. Pest&lozzi, indeed, first conceived the 
plan; but Mr. Colburn realized the plan, popularized Jt, and rendered it capable of 
being applied by the humblest mediocrity. Indeed, I regard the First Lcmns as 
the au plus ultra of primary arithmetic.* 

Speaking of the First Lessons, Mr. Page said in 1843, in addressing 
the American Institute of Instruction: 

Hie reaaon, the understanding, is addreased, and led pn step by step, till the whole 
is taken into the mind aiTd becomes a part of it. l]he memory is little thought of, yet 
the memory can not let it slip; for what has been drunk in, as it were, by the under- 
standing, and made a part of the mind, the mind never foigets. To how many a 
wayworn and weary pupil under the old system; to how maoy a proficient who could 
hia half doaenauthpn, and twice that number of manuscript cyphering books; 
to how many a teacher even^ who had tau|^ the old system, winter alter winter, 
and yet saw but as 'through a glam darkly'’ ; to how many such, was this book on its 
appearance Their First Lessons in Arithmetic? Warren Colburn's name should he 
wnttan U a conq>icuous place, in letten of gold, Jfor this service.* 

»n)W.,p.aoo. 

> From s leotum boloro Ua Amartaui Jnstltute of laitruetloo, Angant, 1S48. 
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PeataloBzi’a-amtr^vtion to afithnetie.— By sUtiag m thetitlte of life 
first text that it wf« “ on the plan of Pestaloasi ” and.bjr the ifte of the 
Pestalozzian unit table and fraction tables, Colburn definitely Con- 
nected his work with that of Pestalozzi, the noted Swiss eduoatot. 
Statements made by writers* in recent years have tended to create 
the general impression that Colbimi merely copied what Pestalozzi 
had already done. In presenting the evidence on this point, we shall 
timt review certain phases of Pestalozzi ’s work. 

Johann Heinrich Pestalozzi (174&-1827) was profoundly influ- 
enced by the writings of Rousseau, particularly by the Emile. Eariy 
in life he conceived the ambition of improving the social, moral, and 
religious conilitions which then existed among the peasant class of 
Euro|)e. This was the guiding purpose of his life. Kt first he strove 
to accomplish it by reforming the vagrant and delinquent children by 
moans of industrial training, but after his work at Stanz in 1799, 
' where the conditions made industrial training impossible, he directed 
his attention to improving elementary instruction, which he con- 
cluded was a more fundamental means * of social improvement. 
This conclusion was based upon the assumption that one’s social, 
moral, and rehgious status was dependent upon one’s abihty to form 
"clear idead’’ from confused sense-impressions and that the ability 
to form such ideas was a general abihty and capable of development 
as such.* 

Pestalozzi states his concept of the immediate purpose of instruc- 
tion when he says “in the youngest years wo must not reason with^ 
children, but must hmit ourselves to the means of developing thw 
minds.” * His moaning is made'more clear when he says in another 
place: 

. The world lies before our eyee like a sea of confused sense-impr^ons, flowing pue 
into the other. If our develoj)ment through nafure only is not sufllciently rapid and 
unimpeded, the business of instruction is to remove the confusion of these sense- 
impressions; to separate the objects one from another; to put together in imagination 
those that resemble or are related to each other; and in this way to make all clear to 
us, and by perfect cleameea in these to raise in us distinct ideas.*' 

Ac 9 *»rding to’ Pestalozzi nature has endowed the chUd with inatinotB 
and capacities or “faculties.” These develop naturally, but this 
process is too slow, and man is to assist in the development of the 
child’s “faculties” by using the some materials and art of instruo- 
tioh that are employ^ by nature. “The means of making clear 
knowledge gained by sense-impressions,” he says, “comes from 
number, form, wd language," These lure the “elementary means of 

AHfe(orjrorEdu«^ioninMo(tarBTlmflerP, ^ 

, ’ Hoir 0«rtn)dft Ttedwi B4r CUid^, p. 2 Sff, 
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ARITHMETIC AB A SCHOOL SUBJECT* * 


in8truotion, bec&UM the whole sum of external properties of any 
objeot is comprised in its outline and its numbers ^ and is brou^lit 
homo to my consciousness through language/’ This thesis furnished 
the basis for his curriculum. The method of instruction w as based 
upon the thesis that sense-impressions are the ‘^absolute foundation 
of all knowledge.” 

Pestalozzi considered aritlunetic the^ most important means for 
giving that mental training which would result in t!ic |>owcr to form 
“dear ideas.” * For this reason he took particular ]>ains to identify 
the elements of the subject, and to formulate the series of steps in the 
method of instruction. He considered arithmetic t-o arise — 

ontircly from einiply putting (og(>thur ami w*parating t*pveral iinif^i. It« haain ia 
MBentially this: (hif ntid onr nrf tu'o, and on/\frnm tvs) onj'. Aity numlH*r, 

whatever it may be, U only an abbreviation of thbi natural, ongina) methtxl of count- 
ing. But it ia imp<.>rtant that this ('OuscioUKiiejw of the origin cf roUliniiH of mimbcni 
should not be weakenoii in (he l;uman mind by the idtortening cxiH^iienl.s of ariih- 
melic. , It should be deeply improssetl with great care on all the ftTiys in which this 
art is taught; and all fnftire stoj>s should be built upon the ('onscinusnertH, de<‘ply 
retained in the human mind, of (he real rolutions of things which lie at the Ix^ttom of all 
calculation. If this Ls not done, this first of gaining clear ideas will be degTUfbMj 

to a pi^iiiing of our meinor)' and imagination, aitd will bo useloes for its Cfwntial 
purpoeo.* 

Both the content of arithmetic ajid the method of teadiing it, i\s 
Pestalozzi conCeivt*tl them, are implied in this statement. Tlio 
”cJear idea” which is represented by a number, e. g., seven, is obtained 
by counting seven objects. TJu> clear idea” which is represented 
by 7 multiplied by 8 is to !)c obtained by counting the total nuin!)er 
of objects in seven groups containing eight objects each. This fdim 
was extended to common fractions and operations with them. The 
''shortening expedients of arithmetic ” were not permitted until 
"clear ideas” of numbers and number relations had^ become perma- 
nently fixed by having appropriate sense perceptions. In the 
beginning; the children might use their fingers, peas, stones, or other 
handy objects for obtaining the necessary sense perceptions. Later 
a "spelling board” with moveable letters (tablets) was used or the 
iablee which Pestalozzi devised. 

The units table consisted of 100’ rectangles arranged in rows of 10. 
Each rectangle in the first row contained 1 vertical mark. Each 
rectangle in the second row contained 2 vertical marks, and so on, 
each rectangle in the tenth row containing 10 vertical marks. The 
first fraction table was made up of 10 rows of squares, each ro^ con- 

I How OortnKla TMObes 0«r Children, p’ 909. 

• IW4.,pp.«(>-21l. 

* In How OortmetoToodui^Hor Children, th« tniulalor (p. H6) sUtos thot the units tmble consisted of 
13 rows of 13 reetensles eech and that each of the fraction tablee oontalned 144 squeraa. The taMes ar« 
deetribed hy tlnfer, p. 177, as having only 10 rows, aacb consisting of 10 rectangles, or squares. The t«blrs 
werereproduoed by Colburn In Uds form. This form Is also given in P egUl oasi^s AusgewJUiUe Werke, by 
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taining 10 squares. The squares of the first row were undivided. 
Thiise in the second wore divided into two equal parts by a vertical 
lini’ : those of the t hird into three equal parts, and 'so on. The second 
fniction table was constructed from the first by dividing the squares 
in the second column into two equal parts by a horizontal fine, those ' 
of the third coluimi into Uiree equal parts, and so on. 

Those tables were used in an elaborate set of exercises which were 
biu'iod upon Pestalozzi's concept of the nature of arithmetic and of 
the art of instruction. The exercises were prepared by Hermann 
Kriisi, a teacher of experience and ability who was an assistant to 
Pcsi idozzi at Burgdorf and later at Yvordun. They were published 
in 1S03 with the title, Amckauungslehre der ZoMait'erhdlinisse, in 
tlm'o parts.* 

There were eight sets of exercises upon the units table.’ In the 
first, the child was to point to the marks in the (able and count out 
the com hiiiat ions of the multiplication tbble up to 10 timee 10. 
The second consisted of 540 exercises of the form; times 1 is 
0 times 2 and 1 time the hidf of 2/' The object was to exprees * 
cach'nuinbcr as so many twos- .ihrt'es, fours, elc. In the third, a ' 
number expn^sed in terms of sLxes wa.s changed to so many sevens, 
or if cxj>r(;ssc(l in terms of sevens, it was changed to so many eights, 
etc. Kor oxailiplc, *‘9 times 9 and 8 timee the ninth part of 9 is 
H9 tinu^ 1, 89 times 1 is S times 10 and 9 times the tenth part of . 
10.’’ In the fourth, the tenth parts of p umbers multiplied by 
the numbers 1 to 10. The remaining sets of exercises were made 
increasingly complex, the sLxth c insisting of 360 exercises of the 
form, 12 is 2 tiim^ 6, 18 is 3 times 6, therefore 2 times 6 is 2 times 
the third part of 3 times 6.” Four of the eight sets of exercises con- 
tained a total of more than 2,000 exercises of the formal iyyea 
illustrated. 

The first fraction table was made the basis of 12 sets of exercises 
and the second of 8 more. One of those contained 17,280 exercises 
of the form “ 17 halves are 2 times 7 helves and 3 times the seventh 
part of 7 halves.” 

These exercises are purely fonual, but Postalozzi believed that by 
having a child grind through them laboriously, counting out each on 
the appropriate table, his mental powers would be developed, because 
the exercises were based upon his psychological analysis of the proc- 
ess of the development of the human mind. Arithmetic had been 
reduced to its elements and the instruction psychologized by redudt 
tion to an ek borate formula. 


* There U a copy of A nKhawn§9iekrt 4er 2skUn9trMihH$u in U» library ofConcnea. This copy exxh 
Uhu ooJy tha Arst part, which was deTOted to the exerdiMs on the units U&la. 

» Tha facU rf tfaia daacrlpUaa an Ukao from Dk Matkoiik dir FrMidkn A ritkmdUk, by Friedrich Onfer, 
p.l77ff. 
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ABITHMKtfO AS A 80H00I. fOBJACTT. 

It should bo noted thst no practioal probloms are included tn the 
Ibt, and there m no suggestion that arithtnetio has a pract-ical func- 
tion. In the first stages, the diild was e.x|>e<'ted to count faniiliar 
objects. Some years earlier PesialozKi said in “Leonard and Ger- 
trude”: 

The inetjruction she (GertnideJ gav-e them in the rudiments of aHthnietio was inti- 
Kta^y coanerted with the reaUties of life. Site taught them to count the numlx»r of 
i4«pe front one end of the roum to the other; and twQ rows of lit'o panes tMu'h, in one of 
the windewSf gttve her an opportunil;^' to unfold the decimal ndatious of numlH're. 
She aleo nuuie them count their threads while spiniiiug, and the number of turns on 
the reel whi®a they wound the j'am into skeins. ' 

No problems are involved here. Tito children were made to count 
these objects. But at this time Pwtalozzi had not l>eg\m to foniiu- 
late the art of instruction, and when he did, the idea suggested in this 
quotation was overshadowed by his inlereet in a |)sychological 
I method. Sinco “clear ideas” of numbers and their relations were of 
\ the first importance, the symbols of arithmetic were to be delayfc 
\ until the clear ideas were fixed in the miiul of the child. The forms 
of ojierations wore not included in the published plan. Thus the 
instruction nocesslirilv became oral. 

No. better summary of PestaJozzi's system of aritlunetic can l>e 
given than that found in Biber’s //cary Pestaiazzi and HisPhuof 
Eduadion, which was published in 1831. Ho says; 

In this calculating wwld. shall wo be uiideratooti if we say that PestalerZji’s ariih 
metic'ha4?>fo reference to the shop or counting house; that it dt'all not ill moni<'s, 
weights, or mi^asifres; that its internets consisted entirely in the mental exenise 
which it involved and its l>enefit in the increase of strength and acutenos* which 
the mind derived from that exercise? 

Again, in this mochanit'al sign-loving age, shall w’^e l>e uudenstwxi if we say that his 
aiithmetic was not the art of handling and pronoimcing ciphere, but the ptiw'er of 
compreltending and comjiaring numbera? And, lastly, with a public whoee faith is 
exclusively devoted to aiiat is immediately and }ialpably "pnu'tical and useful.” 
shall we be* believed if wo'^d that, notaitlwtanding the apparently unpractical tend- 
ency of Pestaloizi’s arithiipetical instruction, he numbered among his pupils the 
most acute and rapid “pracUcal arithmeticians”? 

Such, however, was the inlw; his course of arithmetic excluded cipbeis until num- 
bers were perfectly understood, and Uie rules of reduction, exchange, and othem, in 
which arithmetic Is applied to the common business of life, were superarlded at tlie 
close of his arithmetical course, as the pupil's future calling rnigiit requireTt. The 
main object of his instruction in this branch of knowledge was the development of 
the nimital powem; «id this he accomplished with so rauchvsuccess that t^ ability 
which pufuls displayed, especially in mental aiithmetic, was the chief means of 
attractiiig public notice to his experiments. 

The PeMalozzian movement in .ri wmco.— -Wiiliam McClure, a Scotch 
I^antiii^pistfiwas the first disciple of Festalozzi in the /United 
itBiee. The presenifdlofi of Pestaloi^An piinciid^ was by 

hfiri in published in the NaHirntd IntelUgencer^ Jupe 6, 
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This wa« foUow<<Ml by other articles of a more elaborate imture. In 
1806 McClure induced Joseph Neef, who had worked with Pestaloni, 
to come to Philadelphia, where he opened a Pestalozzian school in 
1800. About throe yeans later Neef removed to Village Green, Pa. 
From there he romovtHi to lAmisville, Ky.; thence to New Harmony, 
lud. ; and finally ti> Cincinnati. In 1808 he published a treatise on 
education, CTititJetl: Skrtrh of a pla n and mfihod of edumtion founded 
onJh4> a7udy<^^ of the human facuUi eg and luttural reamn ^ fitted for the 
ojfnpring of a free people and of aU rational beings. A chapter was 
devoted to Pestalozzi’s plan id leaching arithmetic. 

'n>e work of Nwf and the wTitinga of McClure 9 ervt»d to advertise 


; -n 
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the principles ivf Pmtalozzi in the United States, but educational 
practice was not inlluenctMl directly, llvis w'as particularly Inie in 
New England before 1821. dhere- were leatlers in education who 
wen» acquainted w'ith the w'ork of PestaJozzi, and a little later there 
were inanj^mthusiastic disnpk*« of the Swiss sehoolmaster. Edu- 
cational periodicals, Irnginning with the Academician (1818-19), 
contained many articles on the work of Peetalozzi. In 1821, wh^ 
arn‘n Colburn published his First Lessons in Arithmefie on the 
Plan of Ptsfajozz), (he Pesialozzian movement iii the Uiiiteil States 
was beginning to acquire momentum and to influence school practice. 

(oJlHim's rdatnm to Pestulozn . — In tlie pridsee to (,he first e<Ii- 
tions ’ of the First Iasssoiis, Colburn acknowledges his indebtedness 
to Ih^stalozzi as follows; , ’ 



In forming and arranging the several combinatlonB the author haa riK'eh'ed eon^ 
Btlemble aaeistamv 'from the pyetem of reelalozri. He ha« uot,.howev4, h^ an | 
opixirtuiiity ol seeing Peaulozzi's own work on this #ubje«t , but only a brief outline * 
of it by another. The platea also a,r»? from Peetalozzi In selecting aiul arranging 
the oiamplee to illustrate th.t«e combi nations, and in the manner of solving queetions 
generally, he has re<'eiv(>d no assistance from Pestalozzi. 


llie meaning of this statement becomes clear only when we con- 
sider the meanijig which Cadbu nr attached to the w'onls, ‘ combina- 
tions,” and “examples to illustrate these combinations.” The 
“several co.abiaations” to which Colburn refers ore (he number 
focfs such as, “Eight and four tpe how many?,” “Three times seven 
are how many?,” “Fourteen less nine are how many?” “Eight are 
how many times six?” “6 is one-fifth of w^hat number?” The 
/ "examples” are practical problems about things which childrdU can 
understand. It appears that even in the early editions of the First 
Lessons, , the Pestalozzian tables, or plates, as Colburn called them, i 
did not always accompany the text. Colburn, in his address on 1 
“The Teaching of Arithmetic,” 1830, said: “It has often been asked p 
whether the plates which sometimes accompaiiy Colburn’s /n(cj< 

•— T — , 

* This iickiiowledrment dom not appear in the first edition* I«2l, but does appear in the editlcms of 
and 
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htiu^l AriihfMtic, or anything ol^ of a aimilar naturo, arc* of any us© 
to tho loamor.” 

In addition to (his indebtotinms to PostaloKai, which ('olbum 
explicitly acknowledges, a sfiidy of his w'ritings shows tliat some of 
the underlying principles of hb texts are essentially identical with 
those held by Pest4ilo?.ai. Tliis probably means that Colburn was 
acqUainUHl with PestaJoazi’s principles. But to appreciate fully the 
extent of Colburn’s indebtedness to Pestaloxxi, it is nee«*«H8ry to 
consider w’hal he -contribut^Hi as well as w’hat he bommusl, and liow 
critically he selected w*hat he uschI. 

Soon after Colhtim’s death, Dr. balwani G. Davis, to wliom 
reference has, alrc^ady hwn matle on page 54, aT<.>tc as billows: 

Uw Kteiftl and nuwt inten'aiin^j finijwt, that of unprovin^ the of elemenur)- ‘ 

ir««tructinn in mathoismticsil t^rienev, l« hax’t? iAX'nmM t<> him tlurin,); 

Iatl4*r part trf \\m life* aiu) w^as the imhjtnn tif painful th*»u>:ht nwtny yiarB !>* (<cw» 

hi« firnt T.-^rk made it« ap|Kwaiux» It indc^l, no ^miUl cucn:> of mimf 

thus to Im^ak thrmigh the tmmmeirt t»f eaily and plrike out a new |\^h 

(or Ctibum^ like othen^, ha^i IxM^n hrvm^ht up imder a tlio mveme of that 

which he now umien<i«4k to mature and intndiu'c * 

Colburn’s hiognypher says ; 

Hia Pinjt was, uutpic*t«iiiimah])’. tlie n*?^uU t^i hit^ t>wu teaf’hin,g. He nude 

the Iwiok lx*^'aiirte ho UvhsU^iI it, and Invunetcmn h a Iwnik m'tHh'ti in 1 hc'iMmnamnix 
He ha*l pn>l>ah1y. >a]uh' in <c}}rg;<v 'Hiat vhit h (-uit*'d hi« . 

that which ho diNMiiod pnicih^bh** and imjuwtiiiit, he imbilmii ami nudtt Ins c»\vn 
He haa iHM’n atmuMinicis rt»pr<*Ht>nt4'd as ov^nng hif» fame to ]*c^t 4 ilor/i That in 
the toxiunt and wriUngjj o( the Swi^n phihieojTlicr he derived aid and tv.mtuiena> in luh 
own irm^tig-atioiwi of the general priuciplo« of t^lucalion, ia tnie Hut, hiis indebted- 
mm to Te^Ulozxi h l>clieve'd to Have Ikhui mif?uiiden«^t*)od aiHi oa'crratAHi d 

After ex amiriing I carefully all of the evidence which has been 
obtainable, it is scarc'cly po^ible lo improve upon tlie jitstncss of 
these esiimat<>!s of the origimilHy of Warnni ( oHiiirn's work. He diiiHl 
at the age of 40. This, coupled with the fact that lie did not begin 
to prepare for college untU he wa.s in his twenty-thinl year, an<i tlial 
'he taught schiwil only two and a half years after graduating from 
Harvard, indicates the genius of the man. He had the ndiilily and 
courage ^‘to break through the trammels” of tradition and of Ins 
own education. With only slight as8ist«;m© from the work of Pesta- 
lozzi, Colburn product'd a text which n'volnt ionized our school 
practice as no other text has done. 




Banurd's Aomt. jixu. of liUluc., 2: 297. 
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Chapter V. 

WARREN COLBURN’S ARITHMETICS. 


I hf funfiiirn of — Colburn rfkcojfnixt* *d aK of pnmo impor- 

tance tho utilitarian value of arithmetic, hut he acconleti an almoat 
(MjuaJ value to the subject aa a “discipline of the mind.'’ He says; 

AmhijMJtic, when properly taught, » acknowledged hy at! to l>e wry important ar, 
s ihivipline ot the ntiud; n» iiuich^eo that, even if it had no jufaclicai ap}i|icMion 
ahu'h ahould fonder it va-ittable on its own <W'coujU , it xoHild atill W avil aiwtii while 
k> U»U)w a r'tMS^doniblo |>ortion <d un»e on it for thia pmpoee aJoutj. "!*hi« i« a very 
mi{K»rtaat ct*nisidemtion, though a mMxmdary one <x>ni}>aPod with it* pr^ucal utiJjfy.' / 

.Uso, in another place; j 

l ew exercieors iHjsengthen and mature the mind eo much as ahthsMtkal calctilay 
tjons, if tijo esampips are made sufficiently eimple to be un<feirt(0«5d by the pupil,'; 
iHHauwj a nsgular, though eitnple, fmxx-ws of rc^isaning w rcxjuiaite to porltirm Iheni, 
ami the roeults aro aUeiidtxt with eortainty ’ 


('idburn ernphtwazet! arithmetic as a factor of the child's CKlucation, 
and lie desired that it lie tau|:ht to children 5 <ir t> years of M^je; 


The fondnons wluch children ustudly timnihwt for theso-oiercieoe, and the hu'ihty 
xith which they jierftsTn tlwrm, eoeui te>indica.te that the wience ot numborw, to a 
oTiain exi4?iii, \w amoug the la light theai.* 

The First I,ei«4on8 were intended to Im> bejfun at the T 5 or 6 
and studied for three or four years, and then the pupil was to advance 
to the Setpiel. 

The ability to decide wiiat o|>erations were demanded by arith- 
metical situations was emphasiaed. The aixsence of rulw, the 
ciiiphaais ufxm the mental processes, djowinjr the pupil to do the 
example his own way at first and think his w’ny through it, all are 
representative of Colburn’s attitude. CVdhurn sought to make the 
pupil resourceful. He also wished to make the pupil skillful in per- 
forming the operations. This is showm by the large mimlier of drill 
problems. Of the first 1,000 problems, 75 }>«'r cent are abstract and 
for drill. 


THE FIRST LESSONS. 

Tile arithmetic which became kitowm as (hlhum’s First Lcasona* 
was first pubUabed at Boston in 1821, with the title. First Lessons in 
ArUJimeiic, on the plan of Pesialozn. With some improvements.* In 


• Addm», ** The Tmn^hg. oJ[ Aiiihmhilt.** 

• Pr«£»e« to First * 

• Th«r« is » oopy of the ftr«t ediUon In the library of th« Amertjam Antiqued^ Society at Woro^«r 

Mass. TI^9eoo&dediUoii,l8^^ " 
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^26 it had the title, Colburn* 8 First Lessons. Intellectual AriS^ 
tipoa the Inductive Method of Instruction^ which it still retaiMT The 
second'editioi|, 1822, contains ohly a few important changes trom the 
first edition, ^though the number of pages was increased from 108 
to 172. In the first edition only the tot throe sections, which c>on- 
tain the four fundamental operations, were commenced with prarctical 
examples. In the second edition every combination is commenced 
with practical examples.'^ Since 1822 the body of the text has 
remained unchanged, except in the revised edition of 1884, of which 
we shall speak below. Tlie Pestalozzian tables accompanied ^ the 
editions of 1821, 1822, and 1826, which have been examined in the 
preparation of this rej>ort, but there is no reference to them in the „ 
editions of 1847 and later. In 1830 Colburn spoke of the tables as 
soinetimes accompanying the text. The edition of 1847 contains 
directions for eight preliminary lessons in which the pupils are to he 
taught by counting objects. Only a small part of the original 
preface appears in this edition. 

In Jime, 1863, Mr. Henry O. Houghton took over the First Lessons; 
the original prefade was restored;' and Part III, of 11 pages on 
“Written Arithmetic," was added. Otherwise this edition of the 
text is essentially identical with the edition of 1826, except no refer- 
ence is made to the plates which accompanied that edition. A 
revised edition was published in 1884. The book was thoroughly 
revised and enlarged, many of the prominent features of the earlier 
edition being entirely lost. Written arithmetic is mixed with the 
mental, the Hindu notation is introduced earlier, the numbers 2, 3, 
.4, etc., are taken up formally , and separately (a tendency toward the 
Grube method, q. v.), and illustrations (pictures) are used. 

These two editions of Colburn's First Lessons are still published by 
Houghton Mifflin Co., who assured an inquirer in 1913 that they 
wwe “still actively in print." The sale of the book has declined in 
recent years, but several thousand copies are still used annually. 
The company mentioned a recent single order for 1,000 copies. Its 
use^tends from New England to the Western States. 
i Qolbum's arithmetic, which is commonly spoken of as the “Sequel," 
was first published in 1822, with^e title, Arithmetk; Being a Sequel 
to First Lessons in Arithmetic. The Sequel has no such interesting 
histoty as the First Lessons. The original form was not revised. 
Whil^ it enjoyed, a fair degree of popiUarity, it was small compared 
ynih ilUt of the First Lessons. Editions were printed in 1841, 1849, 
l^d lajie . > 

Plan of the First Lessons? — The book itself is divided into two 
part8. The first contains the examples, the tables of the common 

I Tbt tiiblM do not app«v to hovo boon bound vtth tho text, but aeporatety In » anuUl pnmphlot. 

t UnltM otbarwlM stiM, tb« dMoriptlon oC Colboro's First Lsssona will b« bsMd upon th« ISWodiUon. 
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I denominate numbers, the systems of notation up to 100, and a few 
explanatory notes. Part II is called a" Key^ and is primarily for 
the use of the teacher. In the earlier editioiw It included ‘*an ex- 
planation of the plates,'' the manner of using them, and the solu- 
tions of the ''most difficult of th© prectical.examples." These prac- 
tical examples were solved in such a way as to "show th'e principles 
by which they ore performed." Jn the later editions th^ portion 
which explained the plates was omitted. 

The primary purposes of the lK>ok were to furhish the child with ^ 
practical examples which required arithmetical operations and to 
provide exercises for drill upon the combinations which the child 
discovers are needed to solve Jhe examples proposed. With few 
exceptions the practical examples are taken from situations in the 
life of children or from situations which children easily understand. 
The examples aro about buying oranges, dividing apples among play- 
mates, buying family provisigns, counting marbles, etc. There are 
a few examples from situations in conunerce, but on the whole the 
problems of the text stand out in marked contrast to the commer- 
cial problems with which tlie texts of the previous period were filled. 

In addition to thii practical examples, there are well-gmddH lists of 
abstract exercises for drill. They stand to the practical examples in 
about the ratio of three to one. 

Th€ contents of the First l 4 essons. — Section I, which covere 19 pages, 
is concerned with addition and subtraction. Neither the addition 
nor the subtraction table is given. The first article consists of very 
simple "practical questions," and in. the second article the addition 
facts are called for in regular order by questions such as; "Two and 
one are how many?"; "TVo and two are how many?", etc. In the 
third article the Ame questions are repeated, but the order is varied. 
The answers to mo questions are not given in \he book. Colburn 
assumes that the pupil has grasped the idea of addition from the 
practical questions of the first article.* Knowing the meaning of 
such questions as Three and two are how many?” the pupil can 
easily find the answer for liimself. In the process of discovery he 
is to use sensible objects, such as beans, nuts, etc., or the plates. 

^ The next article has to do with larger numbers, and in some 
instances there are three or more numbers to be added together. 
The numbers from 1 to 10 are to bo added to the numbers from 10 
to 20. In the fifth article subtraction is" treated briefly, and in the 
next the.numbers 1 to 10 are added to the numbers 20 to 100. AU 
the preceding are then combined together, and the section clones 
with a list of "practical question/ which show the application of all 
ther preceding articles. " # 
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MultiptUcation is introduced in Section II with such examples as: 
‘^What cost three yards of tape, at two cents a yard “What C(»t 
four apples at two c^ats apiece?” Colburn remarks that the pupil 
will see no difference between this and addition, and it is best he 
should not at first. After a while the idea of multiplication is to 
be explained to the pupil, and he is to give the solution to the prob- 
fern in this form: “If one yard cost two cents, three yards will cost 
three times two cents.” The multipUcation table is treated in the 
same manner as the addition table. , 

Division is b^un with examples such as: “How many pears, at 
two cents apiece, can you buy for four cents ?” After five examples 
of this sort, the pupil is asked, “If you have eight apples to give to 
four boys, how many can you give to each?” The pupil is not told 
that this example involves division, but it is expected that “the 
pupil will scarcely distinguish it from multiplication.” He is to solve 
the example by using his knowledge of the multiplication table or 
by counting it out with objects. 

In the second article of Section III, common fractions are intro- 
duced. One‘half is defined in a remark as one of two equal parts 
of a thing or number. Later a third and a fourth are defined in the 
same way. The pupil is given such questions as, “If an apple is 

worth two cents, what ia one-half of it worth?” “What is one-half 

• ' 

of two cents?” This last is answered, and the question “Why?” is 
asked. The answer to this is given, “Because if you divide two cents 
into two equal parts, one of the parts is one cent.” 

In genei^, no answers and no suggestibns are given to the prac- 
tical examples in the text because they are “so arranged that the 
nameB will usually show the pupil how the operation is to be per- 
formed.” But in the case of abstract examples, answers are fre- 
quently given in this section. 

The common fractions from fourths to tentlis are not explained, 
but they are taken up in order and the pupil is drilled on them in 
this fasUon: 

When wheat ia eight ehillinga a bushel, what is one-eighth of a budiel worth? 
What are two-eighths of a bushel worth? What are three-eighths of a bushel worth? 
What are four-eighths of a bushel worth? Five-eighths? Six-eighths? Seven- 
eighths? 

When wood is eight dollare a cord, what part of a cord can you buy for a dollar? 
What put of a coid can you buy for two dollars? What part for three dtdlars? Wliat 
pari for four dollars? What part for five doUan? What part ftn- six dollars? W'hat 
part foreeven dollars? How much can you buy fon>nine dollars? How much for ten 
How much for eleven dollars? How much for thirteen dollars? How 
mud| lor dSllars? How much for nineteen doHars? 

Wimt part of eight is one? 

What part of eight is two? 

Three ia what part of dj^t? 

F(«ttrisiii|^^ 
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Five i* what pwt of eight? 

Wiat do you imderathnd i>y one-eighth, two-eighths, etc., of any number? 

Seven is what part of eight? 

HoW many eighths make a whole one? 

Ten are how many times eight? 

Eleven are how many times eight? 

Twelve are how many times eight? 

Thirteen are how many times eight? 

Fourteen are how many times eight? 

Set^tion IV contains such problems as; 

If a yard of cloth cost 4 dollars, what will 5 yards and 3 fourths of a yard cost? 
A man bought 2 Oranges at 6 cents apiece : how many cents do they come to? He paid 
for them with cherries at 4 cents a pint; how many pints did it take? James had 8 
oranges that were worth 5 cents apiece, and George had 6 quarts of cherries that were 
worth 6 cents a quart, which he gave to James for a pert of his oranges. How many 
oranges did he buy, and how many had James left? 

Problems like this last will be recognized as coming under ^e 
head of barter. (See p. 29.) Colburn leads up to them by prob- 
lems like the second above, but no rule or suggestion is given. In 
problems like the first the operation calls for the multiplication of 
a mixed number by an integer. 

Section V is devoted to such practical examples as the following, 
ami to abstract examples to exercise the pupil upon the combinations 
required: ^ 

James had 4 apples and John lia<l half as many; how many had he? If 3 barrels of 
cider cost 9 dollars, what part of ,9 dollars wiU 1 barrel cost? What part of 9 dollara 
will 2 barrels cost? A boy having 12 apples, kept 1 fourth of them himself and 
divided the other 3 fourths of them equally among 4 of his compauions; how many 
^d he give them apiece? If 2.men can do a piece of work in 6 days, how long Would 
it take 4 men to do the same work? 

In the next section the pupil is asked to find the whole when a 
part is given. Some of the more difficult problems are: 

A man sold a cow for 21 dollars, which was only sevon-tenths of what she cost him; 
how much did she cost him? When he bought her, he paid for her with cloth at 8 
dollars a yard; how many yards of cloth did he give? 

^ There is a school in which 2 ninths of the boys learn arithmetic, 3 ninths learn 
grammar, 1 ninth learn geography, and 12 learn to write. How many are there in 
the .s('hool, and how many attending to each study?" 

The section closes with a miscellaneous list in which there are 
such problems as: 

A fox is 80 rods before a greyhound and is running at the rate of 27'rods in ft minute; 
the greyhound is following at the rate of 31 rods a minute; in bow many minutes will 
the greyhound overtake the fox? 

If a staff 3 feet long cast a shadow of 2 feet at 12 o’clock, what is the length of a bole 
that casts a shadow 18 feet at the same time of day? 

Section VII Oontaiiu exercises for drill upon the multiplication 
numbers 10 to 20 multiplied by the first 10 numbers, 
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together with some complications of the preceding combinations. 
It is suggested that this section may be omitted until reviewing the 
book. The next four sections contain questions which call for 
special cases of the division of an integer or a mixed number by a 
fraction, as; “How many one-thirds in 4 ?” or “How many thirds in 
two and one-third?” and for the multiplication of fractions and 
mixed numbers by integers in general. 

In Section XII the symbolism of fractions is given for the first 
time, and exercises upon the combinations of the preceding four 
sections are stated in terms of fractional symbolism. In the fol- 
lowing sections these operations are taken up in the order named: 
Reduction of fractions to a common denominator,^ addition and 
subtraction of fractions, reduction of fractions to lowest terms, 
division of fractions by whole numbers, multiplication of one frac- 
tion by another, division of whole numbers by ftoctions, and division 
of one fraction by another. 

Colburn remarks that the division of a fraction h)" a whqle number 
calls for the same operation as the multiplication of a fraction by a 
fraction. For this reason he places together the problems which 
require these combinatioiLs. lie also -points out that it is difTicult 
to find problems which require a fraction to bo reduced to its. lowest 
terms. • For this operation he gives only abstract examples, hut he 
suggests that it would be weU to omit this article the first time the 
pupil goes through the hook, and “after ho has seen the use of the 
operation let him study it.” 

The tables of Federal money, sterling money, troy weight, avoir- 
dupois weight, cloth measure, wine measure, dry measure, the 
measiure of time, and a list of 183 miscellaneous problems are given 
as a sort of an appendix. 

In such problems as the following the notion of rate is expressed: 

* A man failing in trade waa able to pay Ids ereditoru only 4 nhillings on a dollar; liow 
much would he pay on 2 dollarB? How much on 3 dollars? How much on 7 dollarg? 
How much on 10 dollars? 

Interest is introduced with a note which explains the meaning of 
the term. After explaining that “6 per cent” means 6 cents on a 
dollar, 6 dollars on a hundred doUars, or 6 pounds on a hundred 
pounds, he makes the generalization that it is “6/100 of the sum, 
whatever the denomination.” The pupil is given such problems as; 

The intereet of 1 dollar being 6 cehts for 1 year, what is the interest of 7 dollars for 
the same time? What is the interest of 10 dollars? Of . 15 dollars? Of 20 dollars? 
Of 30 dollars? Of 50 dollars? Of 76 dollars? jOflOO dollars? Of 118 dollars? 

Finally, the pupil is given such as these to solve: 

If the iaierest of 2 montB^ or 00 days is 1 per cent, what would be the per cent for 
20 days? What lor 40 days? . What for 16 days? What for 45 days? What for 12' 
days?. What for 10 da 3 rs? What for 5 days? 

ia ^0 interest of 100 and 37 dollars for 2 years 3 months and 20 days? 
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Fellowship is presented by such problems as: 

Two men bought a bushel of com, one gave 1 slnlling, the other 2 shillings; what, 
part of thp whole did each pay? What part of the com must each have? \ 

Two men hired a pasture for 68 dollars; one put in ,7 horaes, and the other. 3 horse^; 
what ought each to pay? 

Tliree men commenced to trade together; they put in money in tlie following pro- 
portion; the first, 3 dollars, as often as the second put in 4, and os often as tlie third 
put in 5; they gained 87 dollars. What was ea<'h man’s share of the gain? 

Two men hired a pastim* for 32 dollars. The fimt put in 3 sheep for four months, 
the second put in 4 sheep for fiv'e munths; how much ought each to pay? 

Following tliis last problem, which is the first in double, or com- 
pound fellowship, an explanatory note of five lines is given. In the 
case of simple fellowship no explanation is given. 

There are a few' arithmetical puzzles of which the following 'fere 
typical: 

Said IIarr>' to Dick, my pur»> ami money together are worth 16 dollars, but the 
money is worth 7 times ns much as the purse; how much money was there in the 
puree? and what is the value of the purse? 

A man ha^in^ a horse, a cow, and a sheep, was uBk(Hl what was the \'alue of each. 
He answered that the cow was worth twice as much as tlie aiiwpv^and the horse 3 times 
as much as the sheep, and tliat all togeUmr were worth 60 dollars. What was the 
value of each? ^ 

A man driving his gw^e to market was met by another, who said, '‘Good morrow, 
imwter, with your hundred geew>." Says lir, “I have iiot a hundred, but if I had 
half as many more us I now liaye. and two goose and a half, I should have a hundred.” 
How many ha<l he? 

What number is that, to which if its half and its third hoadded the sum vfill be 56? 

Objective materials . — In the Key directions are given for using the 
' Pestalozzian tables * .and other objective materials. Before 1821, 
children used their fingers, and even their toes, in learning to count, 
and probably counted out problems on tliein. But this practice seems 
to have been tolerated ratlier than recognized as a legitimate and 
valuable method of learning number faxds. Certain it is that Col- 
burn was the first author in the United States to introduce objective 
inatoriols in an aritlunetic text. The plates represent just one type 
of objects which ho used. Beans, grains of corn, pieces of crflyon, 
marks, etc., are ret^ominended for use and even preferred. He says: 

Tho firat oxamploa may b« solvwl by means of beuna, peas, etc., or by Plato I. 
Tha former method ia preferable, if the pupil be very young, not only for the example^ 
in tho first part of this aetrlion, but for tho first examples in all the sections.^ 

Menial atithmetic. — Colburn's First Lessons is an ^‘intellectual" 
arithmetic, i. e., the examples are to be solved without the use of 
pencil and slate or paper. Tho Hindu symbols for writing numbers 
/;^ are not given until page 50, and methods' of calculating with figures 
ore not given. Numbers greater than 100 occur in very few prob- 
;; lems, but witliin this quantitative range Colburn has treated many 
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of the topics whicj\ we have found in texts of the ciphering-hoi)k 
penod. A comparison reveals the following: Notation, the four 
operations for integers, practically all of the important denommato 
numbers and the operations upon them, common fractions com- 
pletely, rule of three, direct and inverse, barter, practice, single and 
double fellowship, and interest. The important omissions are decimal 
fractions, exchange, evolution, loss and gain, and alligation. Tlic 
topics oimtted have to do with situations with which young children 
are relatively unacquainted. Exchange, and loss and gain dealt with 
situations pocuhar to a professional business man. Decimal fractions 
were tools of calculations 6f business or of evolution. • AUigation was 
an obsoleacont topic. 

5um»wry.— <;^)lburn says of the plan of this book that it “entindy- 
supersedes the necessity^of, any ruh«, and the book contains none." 
The child is to be given a practical example and from his under- 
standing of the situation involved he is to decide upon the operation 
or operations to be performed. If ho can not do this when the 
numbers arc made siqjple', Colburn says tliat he is not 'ready for sucli 
®^Ample. Colburn held that, abstract exorcises were more suit- 
able for reducing the ccmibinations to tlie level of habit tlian pfactical 
e^xamplos. .And it b tliis funotion whioli tlie abstract examples were 
intended to fulfill. 

Upon completing Colburn’s Firs.. T^ssons, a pupU was acquainted 
with a large per cent of the quant.t. tive situations which he would 
probably meet in life. He had mot practical examples taken from 
these situations, and he ha<’ had to dee.rde upon tlie combinations to 
be made. In this way he came to understand the situations so 
that he knew what combinations sliould be made, even though the 
quantities should be so large as to require written calculatiomt. He 
had learned as much of notation and the symbolisms of aritl^etio 
he has needed. He knew the denominate quantitl^^hicli he had 
met in the practical examples. And he had Been thoroughly drilled 
upon the fundamental number facts. 

THE SEQUEL. 

As its title indicates, the Sequel was intended to be studied by the 
pupil after h? had completed the First Lessons. Colburn states in 
the preface to the Sequel that the pupil may commence the First 
Leesoim as soon as he can read the examples or perhaps even before. 
By doing this the pupil would be prepared to commence the Sequel 
by the time he was 8 or 9. 'It was wiitten to be a practical arith- 
metic, but ^Iburh expect^ the pupil to learn something of the 
science^ of arithmftj^b ^l^ worEed with practical examples.. 

' In hi* analysis of the subject matter S^tEinetlcT Colburn *dis- 
tingpiiished between the processes of arithmetic, which he calls “ prin- 
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piplea/^ and the. application of arithmetic, which he designates as 
- ‘'subjecte.” To him the principles” mean arithmetic and the 
applications. merely a field for the exercise of these principles; denom- 
inate nufnbers, mensuration, percentage, interest, etc., are not taken 
as the basis for separate chapters, or even distinct topics. '^To give 
the learner a knowledge of the principles” is his purpose, and to this 
end the problems are grouped about the principles. 

Colburn takes the position that **Wlien the principles are well 
understood, very few subjects will require a particular rule, and if the 
pupi' s properly introduced to them, ho will understand them' better 
wi*\out a nde than with one.” For example, if a pupil under- 
stands well*’tlie relation between a^product and its factors in all its 
phases, percentage and its applications require no parficular rule 
and will prostmt no difficulty to the learner. At most the ’learner 
will need to be told the meaning of* the new terms used in expressing 
the problem. As would naturally be expticted from such a point of 
view, the. applications of arithmetic do not influence nor detonnine 
the organization of Colbiini^s toxis. 

The plan of the Seqv^L — The subdivisions and order of the “prin- 
ciples^’ are unusual. Multiplication of integers' follows addition 
instead of subtraction. In fractions, multiplication is placed first 
and is followed by addition and subtraction. Both multiplication 
an^ division of fractions are divided into several cases. The Sequel 
is divided into tw^o parts. The first consists of graded lists of prob- 
, lems with an occasioiml suggestive note to define some new term or 
U) interpret the meaning of the problem. “Ilio second part contains 
a development of the principles^’ based upon problems. 

The two parts are to bo studied to^^er, when the pupil is ojd enough to compm- 
hend the ifecond part by reading it himself. When he has performed all the examples 
in an article in the 6rat part, he should be required to recite the corresponding article 
in the second part, not verbatim, but to give a good wcount of the reasoning. \Vhen 
the principle is well understood, the rules ' which are printed in italics should be 
committed to memory. 

Colburn gives rules only for the principles And not for tho appli- 
cations of arithmetic. . Tho table of contents of the Sequel makes no 
mention of any of the applications of arithmetic, several of which 
usually have a chapter devoted to them. 

Coibum mentions the following “subjecte” as being specifically 
included in the text: Compound multiplication, addition, subtrac- 
tiorqand division;* simple interest, commission, insurance, duties and 
premiums, common discount, compound inteipst, discount, barter,, 
loss and gain, simple fellowship, compound fellowship, equation 
of payments, alligation media], alligation alternate, square and cubic 
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measitra, duodeoimalsV taxes/ mensuration, geographical and astro- 
nomical questicms, exchange, tables of denominate numbers. 

Topics omitted , — Colburn omits some topics entirely. He spmcific- 
aUy mentions the rule of three, position, and powers, and roots. 
The reasons he gives for their omission are ; 


Those who xmdenrtand the principle* Bufficiently to comprehend the nature of th» 
rule of three, can do much better without H than with' it, for when ufKHi, it obanirett 
jfmther than Ulustratee the subject to which it u applied . 

♦ ♦ • This (rule of poaition) u an artificial rule, the principlo of which rta\ not 
be well understood without the aid of algebra; and when algebra is underyUxHl, 
tion is useleae. Beaidee, all the example* which can be porfonutxi by muy 

be performed much more easily, and in a manner peritvily intelligible without it . 

Powers and roote, though arithmetical operations, come more pro{>erly within the 
province of algebra. 


It is interesting to note that some of the omissions which {\)Il)urn 
made nearly a century ago are still considnrt^d debatable by some 
teachers. 

How the principles*^ are presented . — A masterly exposition of our 
decimal system of numeration is given in which {\>lburM shows its 
/unction.' After defining the numbers 1 to 10 a^iamos given to col- 
lections of units, he continues: 

In this manner we might continue to a<.Id unita, and to give a name to each different 
collection. Bui it la e4sy to perceive thaf if it were contimuHl to a i;roat <‘xtom it 
would be absolutely iinposaible to remember thediffenmt namefl; and it. would also tie 
impoadble to p^form oporatious on large numbers. Bt«idoe, wo must iicco»aaril y tttnp 
somewhere; and at whatever number we sttip, it would still be to add mort*; 

and should we ever have occasion to do so, we should be obliged to invent new names 
for them, and to explain than to others. To avoid these inconveniences, a methisi 
has been contrived to express all the numbers that are nec'essary to be used, w'ith v(*ry 
few names. 

The first ten numbers have each a distirlct name. The oolU'ction of ten simple units 
is then considered a unit; it is called a unit of the wK'ond order. We speak of the 
collections of ten, in the same msjiner that we apeak erf simple unite; thus we say one 
ten, two ten/, three tens, four tens, five tens, six tens, seven teiw, eight tens, nine tms 
.'These expressions are usually contracUnl^ and instead of them we aay ten, Iweniy, 
thirty, forty, fifty, sixty, seventy, eighty, ninety. 

To express the numbers between the tens, tlio numbers below 
ten are to bo added to the tens. Colburn then explains how the 
names of numbers which are used in common language liave been 
derived by such a method. After tolling how a hundred and a thousand 
are made up he indicates how '‘this principle may be continued to 
any extent,” and expresses his admiration of the decimal system of 
numeration by saying: 

BsQce It appem that a very feW xuunee eerve to express all the different numbers 
which we ever have occasion to use. To express all the numbers from pue to nine 
thousand, nine hundred and ninety-nine, re<|uiree, properly speaking, but^'* twelve” 
different names". It will be shown hereafter that these twelve names express the 
numbers a great deal further. 
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The “Arabic” and Roman methods of writing numbers are care- 
fully explained in 1 1 pages. The Roman system is given in a foot- 
note, with the statement that “a short description of it may be 
interesting to some.” In Part I it is not mentioned. 

Although it was Colbum’-s plan that the pupil should study the 
First Ijessons before commencing the Sequel, yet he wrote the Sequel 
in snrh h w»y that this would not be “absolutely neceesary.” For 
e.^ample, in the development of addition he begins with a problem 
any child who is old enough to study the book can understand. 
After defining addition as putting together two or more numbers to 
‘•ii.-<certain what numbers they will form,” ho giv(« the problem: 
"A person lunight an orange for 5 cents and a pear for 3 cants; how 
many cents did ho pay for both V This problem is solv^ by taking 
the 5 and joining tho3 "to it a single unit at a time.” 

Says ('olbiirn : 




A chil<l is ol)lig«i to go through the process ot adrting units every time he has 
o<-in.sion to put two timujiera together until he can rememtwr the results. This, 
howtner, ho soon learnt dolUhe has frequent oeraaions to put numbers together! 

lie also points out that (ho oliild can not make much progress in 
arithmetic until ho leanis perfectly (ho addition tables up to ten. 

(’olburn’s detelopment of carrying in addition is based upon the 
decimal structure of the system of numeration. 'The first practical 
e.Mimplo calls for 24 and 8 to be added. Ho points out that 24 is 
simply an abbreviation for 20 and 4. “To add eight to twenty-four, 
add eight and four, which are twelve. To twelve add twenty. But 
twelve is the same as ten and two, therefore we may say twenty and 
ten are tliirty and two are thirtv-two.” Three more practical axarn- 
ples, each ono becoming more diflic^, are explained in the same way. 
He then defines “carrying” hy ^yijig; “The reserving of the tens, 
ImmlnMls, etc., and adding them\i(h other tens, hundreds, etc., is 
culled carrying.” The principle of^rrying is further illustrated ’ by 
the following example, whose solution he explains;* 


A mercliant had all his money in bills of the following description, one-dollar bills, 
ten-dollar bills, hundred-dollar bills, thousand-dollar bills, etc.; each kind he kept 
in a sepi&ate box. Another merchant presented three notes for payment, one 2.873 
dollars, another 849 dollars, and ano,,her 758 dollars. How .much was the amount of 
air the notes; and how many bills of each sort did he pay, supposing he paid it with 
the least possible number of bills? 

AdditionaJ illustration of the principle of carrying is given by writing 
the addends in this fonn : 4000 + 600 -I- 70 + 3 . And finally when he is 
ready to state the rule, Colburn sa^; “From what has been said, it 
appears that the operation of addition maj be reduced to the follow- 
ing rule.” 

Multiplication immediately follows addition and is begun with 
this example; “How niuch will 4 gallons of molasses come to at 34 
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cents a gaHon?*’ After the example is solved by addition, it ift 
pointed out that “if it were required to find (he price of 20, 30, or 
100 gallons, the operation would become laborious.” Colbuni go(« 
on to say; 

If I have leamfxl that 4 limes 4 are 16, and that 4 times 3 are 12, it is plain that I 
need not write the number 34 but onoe, and then I may «y 4 tinH«s 4 are Ifi, rfeervin^t 
the 10 and writing the 6 units in addition. Thon sgaui. 4 times 3 (tens) are 12 
(tens) an4 I (4^ wiiirb 1 reserved) aro 13 (tens). 

Multiplication is then defined as “addition performed in tins 
manner.” 

Subtraction follow’s multiplication and is presentotl as the reverse 
of addition. Colburn begins by giving five examples which, “though 
apparently difft^ronl,” all rt^uin> (he same of>eration — i. tv, suhlrar- 
tion. The pupil solves (lie first examples by using his know*le<lg(» of 
addition.' 

The operation for the rase which n\|uin's ' borrowing” is pn^ 

fij 50 -f I'J 

sentod by writing the numbers thus: 17 is written 10 + 7 


Division wius considered to be a [larticularly difHcull topic. T 
starts with some simple pniblems which he Imndles in llu' fid 
fashion : 


dbiirn 


A hoy having 32 appUvj wishtxl to dividt* thorn (Xpialiy among S oi lu8 (‘ornpani. iH 
How many njUHl lie'givo 4bom apU^ o? 

If the boy were not acvututomod to valeu luting , ho would pl>)bably divide ilnMn 
by giviiig one to tMU*h of the Iwye, and Oien another, and on. But to give t.hrrn ono 
apiece would take 8 apples, and one apioi*o would take 8 inon», and so on. Tlu» <jiu^ 
tioD then is, to see how many limwi 8 may Iw taken from 32; or, w'hirh i« the Kaine 
thing, to eoe how many times 8 is contained in 32. It is contained four timed. 
AntM each. 

A boy having 32 apples was able to give 8 to eac h t»f hi« companions. How niiuty 
companions has he? 

This -question, though diffenmt from the other, wo perceive in to be iM*rfonmd 
exat'tly like it. That is, it is the (jueMion to eee how many Ume« K is coniaiiuHi iii ;t2. 
We take away 8 for one boy, and then 8 for another, and ho on. 

A man having 54 cents, laid them all out for oranges at 6 cents apie<*e. How many 
did he buy? 

It is evident that as many times as 6 cents can be taken from 54 cents, so many 
oranges he can buy. Ant, 9 oranges. 

A man bought 9 oranges for 54 cents: How mu< ' he give apiece? 

In this example wo wish to divide tlie number 54 into 9 equal [wts, in the same 
manner os in the first question we wish to divide 32 into 8 equal ports. Let us observe, 
that if the oranges bod been only one cent apiece, nine of them would t'ome to nine 
cento; if they hod been 2 cento apiece, they would come tp twice nine c^nts; if they 
hod been 3 cen^ apiece, they would come to 3 times 9 cento, and so on. Hence the 
question Is to see how many times 9 is contained in 54. Ans, 6 cento apiece. 

In all the above questions the purpose was to see how many times a email number 
is contained in a laigw one, and they may be performed by subtraction. I f we exam- 
ine them again, we shall find also that the question was, in the two firet, to see whst 
number 8 mitot be multiplied by in order to produce 32; and in the third to see whst 
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(he number (i muat h« multiplied by to produre M; in the tourlh. to we wh»l num- 
bi f 9 rauiit l>o mulMplied by, or t«Lher wh*t number must be multiplied by 9. in 
(wiicr (o produre 54. 

The operation by which quealiona of thia kind are perf^>rmod ia ('ailed rftmion. In 
(hr laat ctnmple, M, which ia the numtH'r to b<» divided, ia railed the (fividrnrf; 9 
rrhich ii. the niimbrT divided by. U called the rfiWor,- and 6, which U the number ot 
tJMUft 9 ia contained in 54, ia calKd the ^uoKm/. 

♦ 

Colhum thon g<H>s on to tell how to prove division, and foUowini^ 
thir? takes up tdie case when the (v>mbinalion is not one that has 
(ut urred in (he multiplication table. 

At 3 ronta apiece, how many poara may bo bought for 57 contj»” It u evident that 
^ many pt'ara may bo boufrht aa there art» ^ centa in 57 centa. Put the aolucion of 
thin (Illation doe« not appear w wy the U/.t on wvmint of the Rrealcr miml>er of 
tiin.^ which Ujo div'wor ia conuimd in the diTidend. If we .-»epanue 57 into two pvUi 
it will a pixw more caay : 57 - 30 4- 27 . 

We know by the Ublc of Pytha*»r.raa that 3 ie t'onuimd in M) tim times, and in 27 
nine timee. Oonscqueiilly it ia contaimd in 57 nineto(*n tiraw, and the aiwwer ia 19 
I>^ars. 

Tliis samp mothod is exjilaini'd for four nu'n' problems, in which ' 
he points out liow the hreakin;; u|i of ilie divideii.r imi v he detor- 
iiiined. He (1 k>u i;ontinue.s: 


ll net ahvayn convenient to resolve the nnniticr inn, pans in this manner at lirvl. 
lull Wi* may dvi it lu* we |><Tfurm the ('j>«'ration * 

In I2t> ilavf' how many weekf'? 

(t|HTation- l2t)--:0-f56. 1 m-tea^l .tf p*rtolvinj; it in (hie maimer, wo will writ® it 

down fUi (oilow>: 

Ihvidi’iui 126 (7 Ih\’UK>r. 

io 


56 10 

^ 5(i 8 

IS quotient. 

I observe that T e.m not be rontaiii.'d lOt) times in lllti; 1 therefore call the two first 
fipimvon the left l_> tens, or l.>0, rejrviing the 6 for the pnwnt, 7 is contained more 
Ilian onee and not sp much a.s twice in 12; consnjuently in 12 ton« it is cuntained 
mor.,' than 10 timw and less than 20 times. I Uke 10 tiraes 7, or 70. out of 126, and 
there reuiains 56. Then 7 is coiitainod 8 times in 56 and 18 tim«t in 126. 

Tho developinenl is ttoiumued through four more problems, the 
la.st only beinn abstract and having a dinsor of live digits. The 
rule is (hen stated, the last thing in the section. 

Short division is presented la.st as .a “much abridged” method of 
performing division w'hen the divisor is a flmall number. 

Fractions arise in examples which reemire division when there is a 
remamder. For example, to tell “Hov? many yards of doth, at 6 
dollars a yard, ma/ be bought for 45 dollars” a fraptiou is necessary. 
In Swtions XII to XXIV, ihclusive, except Section XX, common 
fractions are treated in detail. (See table of contents in Appendix.) 

, ^ conspicuoxis feature of this treatment is the departure from the 
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uauld ordor. It with a sen^tion in which factions are mann* 

factumi hy tho pupil in solving such oxamplos as **Wliat part of 7 
yards is A yards (*' “Wmt part of a gallon is a jnnt ?” *‘Whal 
part of 5 dollars is 72 cents?" '* What is tljo ratio of 2vS to 9 ?" 

linpn»j>er fractions an> roquinnl to 1 h> changed io whole or nh.\<H] 
nunilxir In solving such e.xajnphxs as ‘Mf a family consume 1/^i of a 
harn'l of tlour in a W(S'k, how many hiu-n'ls will last them hmr 
weeks? How many will last them 17 Avtv^ks The ivvcrstMips a* 
tion is rfspiircd in such as the following; "If i lo of a ham*l of lloiir 
will Starve a family one wtvk, how muny wts‘ks will 2 I /In harn'ls ht\ (* ' 
ihoin? How imuiv w<s»ks m ill IS 7 In s<»rvc them? ' The imdii|>li* 
(‘alien of a fraction l>y an integer l»y muitijdyiug tin' mnmuaTur. 
whi(‘h conn^ in the following seetion, gives cxereis*» Ujnm n*duriug 
impn>p('r fractions to whoh» or mi\ed nninln*rs. 

In SiH'tiou X\’I (\dhiirn gnmps togi*th“r the division of a numhf*r 
into ])arts, as, ' ihuight tons of inni for 1.171 dollai's; how nun h 
f w’H.s it a ton?' ; ainl tlie muitipiii’aiion of a wliole mimher l»y a frio- 
t ion. as, "At $1.20 per la>\ what is t he cost (d 1 '1 of i\ hex of orange's * 
'Hrost'* two prohhuns re<|uirc the sam*' arit hmetiral ojH*rat i(>n>. In 
this section are plaeod such ])rol)leni> a>; 

I H ;i \ iietf* ;t ijn- of (.Ki. «1 mI \^il! 7 \t!> I'.t-t'’ 

H the (lir'laoi e fr<an llot^ion to i'lon.'o ho |(> inihs, luov many \ni; a 

eiixrii^e* wIkh'I, tin* rircunth'nTifo nlin h i' 1* ft n in . luin T' nn<l iti i;intiy lUr^t 
tlwtanee? 

Whal is 4S..Vt <1 a yard ’ 

A men'hant Um^iht » 4^uantii\ cf tohni <'o for <>> and r^'M n :\f to tn\in < 10 
of the tirvt eoht; how mm h did ho soli it for * 

If 2.% men ran do a of work in IT day,-;, in ho\^ tnanv da\ \nll .vS ni**n d-> n 

Thnv men a ]>iiistnn' h>r ftl’en, tho fir^t fnf in f"'ir Ivt-^o-, Oh* s.^.'iid, h. 

aiui tho third. H. What ou>:ht oa< h )uy’.* 

In iluvse j>rohleins are repr^s^nOr'd (he rule three, descending 
itMluction of componnd numhers. jirotit and h>ss, discnuiit, and part- 
nw^hip, .VJl <d thcH' nM|uire mohing inort^ than ilu* division of, a 
whole miml>er into parts ttr its mult iplicat ion hy a fraction. Tlie 
above tvjres of problems are pn‘s<nit('d witli no explanatory notes or 
headings. That they liave to do wntli a variety of arithmetical 
topics Colburn is not concerned. Bnt ho is anxious that tlie pupil 
learn the kinds of situationa which call for this opt'ration. 

From the standpoint of the mathematician it is inten^ting to note 
th^t C/oJbum comments upon calling the operation of this section, 
multiplication, by saying, "Multiplication, strictly speaking, is 
repi'ating the number a certain nural)er of times, but by extension it 
is made to apply to this operation.’* Division of a fr^tion by a 
whole number and multiplication of* a fraction by a fraction are 
presented in Section XVII. In the next section it is pointed out that 
a fraction may be multiplied by dividing the denominator. 
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SBction XIX hiiH tn (io with (lifl addition and subtraction of frac- 
tions and the ncrcssarv nMinc(ion8 t4> a common denominator and to 
lower tonns. The S4*cii(Hi contains ,‘V2 <*\ampli»s, of which 2! aro 
I'lftctioil. Tho ilnll ii|x>n finding* tht‘ coinmoii divisiir, least common 
n!ultipl4^, and rodiK'iiu^ fniolions lo a common denomiuHtor and 
i 'west t4'rins is ;;ivcn in SaMions XX’ aiul XXII. 

( olbum sHj)j>roach to n>duc.in^^ fractions ton ('ommon denominator 
I- mioncstinjj and is clo<|Ucnt of his pMicral plan lo ham tht^ ]>iipii 
(' wlial a pi’otvs'^ is for ladorv h»' i^' iiskcd to [>crfonn il, 

\\t* obf^*r\(yi li r’i*marka]>lc i imniwuiu'o lu iJje* hrlulo. 

.■ IJ :'s TIu!« wiJl l>c* f.-tnui ^(*Iy lu w)mt follow^ 

\ muu l.a\in>: - . .»! S--M ! J..i n m,.- unit* .Hmi I .lot n at nuntliisr. hoir 

mui h ha.i )m‘ IcM 

^ tnul J .i ( ;ia ii-'t U* t In* *>( <1 iff) Tent vain W 

1 1 I ir ^^1 in iiuirt 1 m* jm >r.- i tiau J 1 Hn>l Irsrt t Imii J ■ a I If wi* litt \ o ilnllani and 
< ui* Ut t*>HM-ilH r. w« fisiut tlunn \^.\U to jM*n< .* I>t>t \in jf friw-tion* 

1 ell ii.it Ih* osliK^si 1 m, til u\ thn MiJiio dtniMiijiiuiti..n Now 1 ^ =-;i a«»4;8, oto. 

I la* romai kabhi riivimistanca had como about from the two 
ufiys of imiltiplyin^' a frut tion. Multiplyin^r a fraction by dividing 
hy Its ti**nominaior ^uvt» tla* n^ull in lower tenns than bv nuiiti- 
I'lying tho numerator of the frat'tioiK 

Sta tions XXII 1 and XX^^ an* th'voted to tla* divisam of a wiado 
number, or a frai lion, Ity a fra* t ion. Afh*r a railier len^'-thv <levelop- 
nti'iri ilii'^ p‘iierali/.ai n*n i> naicjnnl ’Multiply tla* thvidtuid hv the 
cleiaainnator of ili di\isor. nutl divide ila* pnaiut^l hy iJio numer- 
n tor. 

In tln^ iK'xt four sections decimal fractanis an* j)n>s(*nte!l. I'heir 
iiotati<m is cxplaiiaal t\< hein^' simply an (‘xtension of (he decimal 
s\>l<*iii in ulnch a h^tin* has a plact* ^■aI^a* aial tla* topic, is tPt'aled 
HI ( tdhurn s iiniiicliAi' manner. In ^micral il ap|>t‘ars that he htdicvi*ai 
<'peratio!is with decimal fraction'-' arc similar t*> <»peratams v.uth whole 
iminb(*r>, ami this i^' the idea In* wi'-hcs the pupil to ^<*t . 'Tla* only 
>i*rh*us tlithcully the pupil i-^ i^oiiie (u hlt^‘t*, a-i la* sees it , is in division, 
and he (it*^■c]ops |hi> in dt*tnii. 

'The last s(*i‘tivni is conct*rnin^ cirenlatino dt^tumals. a topic* we did 
not liiai in tla* U*xts tif the pn*vious peraal. A cinndnting dei'iiual 
is one such lis arist*s when one attempts to n*duce a common frai-tion 
such Its 1/, to all tMjui valciif, decimal f*inn. One will fjet a never 
(*ndin^r stMpienct* (*f lioim's, hut in this se<juence certain series of 
lifpii<*s will ho repeateii. | After ('olburn show's the t/ceasion for cir- 
culating (io('iinals, iie explains how one mat fiial t-ho etpiivalont 
common friuvtion wlieu they have given a circulating deciniaL Kx- 
C4*pt for a list of niLsi’eUancous examples, the text ejoses with a brief 
presentation of the proof of multiplication and <li vision by casting 
out nine.s. 

Dfjiniiiotvs^ amf i n forma tioji giv^n v:heji nfeiled have already 
pointed out this feature in several instanocs. It is one of the chief 
. 81758 ®-i -17 6 



dpal. ‘ _ " 

£>, A m»n irat« sum xd money at intereet for 1 year at 0 per cent, and at the end of the 
yw recdyed for fhe principal and interest 237 dollara. What vas the principal? 
Since 6 per cent is 6/100, if this be added to the principal it will make 
therefore C37 roust be 106/100 of the principal. When interest is added to 

Jmnd|M^’thd #hole is caUed the ■ \ 

»i f /**i J.'* j‘u .■*} wf; j .. If W 
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„oh^qteri8tics of ^th of Oolbum’s texts. Colburn's treatment of 
percentage, interest, eto., is perhaps most typical of this feature and 
of liis attitude toward the applications of arithmetic. On page 21 
of the Sequel, in the section on multiph'cation, this paragraph is 
giyeu immediately preceding the first problem on interest: 

Interest is a reward allowed by a debtor to a creditor for the use of money. It is 
reckoned by the hundred, hence the rate is called eo much per cent or per centum. 
Per centum is Latin, signifying by the hundred . 6 per cent signifies 6 dollars on a 
hundred dollars, 6 cents on a hundred cents, X6 on £100, etc,, so 5 per cent signities 
5 dollars on 100 dollars, etc. Insurance, commission, land premiums of every kind 
are reckoned in th» way. Discount is so much per cent to be taken out of the prin- 
cipal. 

Colburn evidently considers this sufficient e.'cplanation for sucli 
problems as the following, for he gives nothing additional either 
here or in Part II : ► 

¥ • ^ 

What is the interest of $43.00 for 1 year at 6 per cent? 

What is the interest of $247.00 for 3 years at 7 per cent? 

Imported some books from England, for which I paid $150.00 there. The duties 
in Boston were 15 per cent, the freight $5.00. What did the books cost me? 

A merchant bought a (juantity of goods for 243 dollars, aiid sold them so as to gain 
16 per cent; how much did he gain, and how much did he sell them lor? 

The next mention of percentage is on page 83. This problem is 
given: 

• ■'?» 

A merchant sold a quantity of goods for $273.00, by which he gained 10 per cent 
on the first cost. How much did they cost? ‘‘ 

Following the problem is this note ; 

10 per cent is 10 dollars on a 100 dollars, that is 10/100. 10 per cent of the fir^t 

cost therefore is 10/100 of the first cost: Consequently $273.00 must b<* 1 10/ 100 of the 
C06't)« 

A little farther on in the list we find the following problems and 
notes: ^ • 

A merchant sold a quantity of goods-fpr $983.00, by yrliich he lost 12 per cent. How " 
much did the gootls cost and how much did he lose? 

Nou —U he lost 12 per cent, that is 12/100, he must have sold for 88/100 of what it 
cost him. - 

A merchant sold a quantity of gtlods for $87.00 more than he gave for them, hy 
which be gained 13 pm;C^t of the first cost. How much did the gorsls cost him, au<l 
how mueb did he sell them for? 

AT«e.— Since 13 per cent is 13/100, $87.00 must bo 13/100 of the first iroet. 

A man having put , a sum of money at interest at 6 per cent, at the end of 1 year 
received 13 dollara for Interest. What was the principal? 

' ' JVbt<!.--Since 6 per cent is 6/100 of the whole, 13 dollars must be 6/100 of the prin- 




WhaX mim of money put at interest at 6 per cent vrill gain $53 in 2 yean?/ -f, 

Nou.—S per cent for 1 year will be 12 per cent for 2 years, 3 per cent for 6 months, 
1 per cent for 2 months, etc. 

Suppose I owe a man $287, to be paid in one year without interest, and I wirfi to 
pay it now; how much ought I to pay him when the usual rate is 6 per cent? 

Nou . — It is evident that I ought to pay him such a sum as put at interest for 1 ym^ 
will amount to $287. The question therefore is like those above. This is sometimes 
called dueount. 

Later in the sections on decimal fractions special methods for inter- 
est are given in the same way, i. e., by means of a note following a 
problem which calls for a special method. 
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Chapter VI. 

COLBURN ON THfe TEACHINQ OF ARITHMETIC. 


In the preface to his texts and in his address on the teaching of 
arithmetic * Colburn has given a good presentation of his method 
of teaching arithmetic. These accounts are supplemented by the 
texts. In this chapter we shall present the most significant feaiures 
of his method. 

The is ijiivoduc^d to (I iopic,hy fttcdtis of practical prohlcTtis . — 
Colburn’s introduction of the pupil to arithmetic is in striking con- 
tr-ast to that in the texts usedj)rior to 1821.*- (See p. — .) For exam- 
ple, the first page of tlie First I^essons is as follows: 

1. How many thumbfj have you on your Hght hand? How many on your left? 
How many on both together? 

2. How many hands have you? 

3. If you have two nuts in one hand and one in the other, how many have you in 

botlt? . y tf 

4 . How many fingers hdve you on one hand? 

6. If youtount the thumb with the fingers, how many will it make? 

6. If you shut your thumb and one finger and leave the rest open, how many will , 
be open?" 

7. If you have two cents in one hand, and two in the other, how many have you 

in both? - . 

8. James has two apples, and William has three; if James gives his apples to 
William, how many will W'illiam have? 

9. If you count all the fingers on one hand, and two on the other, how many will ' 
there be? 

I'O. George has three cents, and Joseph has four ; how many have they both together? 

These problems are followed by 22 of similar nature, and these in 
turn are followed by 163 drill questions ®n the combinations. This 
plan is continued through thp book. 

Vae of ayrnbola delayed . — One phase of the organization- of, the 
subject matter is Colburn’s trea{ment of the symbols of notation 
which seems to exemplify one of his fundamental notions of arith- 
metic. For example, he wishes the pupil to learn that two objects 
and one object make a total of three objects; that five pliuns and 
four plums are nine plums, and not that the symbols 2 + 1 equal the 

I ,Thlt ftddrtss w« deUvwed b«for* the Americiui Iiistitut« of Iiutructioo In Boston, Aosust, 18B0. It 
w«i pahUsfMd'tu the prooeedinKs of th»t spolety end was reprinted In the ElemenUry Bobool Tsaober for 
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^ ' *" 

syinlM)! 3, or the syibbob 5+4 eqUAl the A)miboV9/ ^ Aa a me^1;o 
tfiid tod, in the First Lefisons, the characters 1, 2, 3, etc,,* are not' 
given until page 60, and the system of notation and numeration is‘ 
not given beyond 10 until page 69. Before these symbols and the 
system of notation and numeration are' given', the pupil has lean^pd 
the four fundamental operations for integers. The symbols 'are 
introduced by saying, ** Instead of writing the name® of numbers, it 
is usulal to repress ^ them by particular characters called figures.'^ 
Thus before the pupil is asked to learn ntimber symbok, he doubtless 
has felt the need for them. . s - 

In giving his reason for these two features Colburn say$', referring' 
to the contemporary practice: , , ^ 

Thfi following are'Bomo of tho principai dilficultieB which a child to oDcoiuttisr 
in learning arithmetic, in the usual way, and which are seldom overcome. Fitsf, 
the examples are so large that ihe pupil can form no conception of the toumbew 
themselves; therefore it is imposuble for him to comprehend the* reasoning upon> 
them. Secondly, the first examples are usually abstepet numbers. This ' 

the difficulty very much„for even if the numbm were so small that the pupil epujd 
comprehend^them, he would discover but very little cofinection between them wid 
practical examples. Abstract numbers, and the operations upon them, must be 
learned from practical examples; there is no such thing as deriving practical examples ' 
from those which are abstract, unless the abstract have been first derived from those 
which are practical. Thirdly, the numbers are expressed by figures, which, if they 
were used only as a contracted way of writing numbers, would be much more difficult 
to be understood at first than the numbers written at length in words. But uey 
are not used merely as words, they require operations pi^t^ar to themselves. Th e y 
are, in fact, a new language, which the pupil has to learn. The pupil, therefore, ■ 
when he commences arithmetic is presented with a set of abstract mimbm, writtieii 
with figures, ^d so la^ that he has not the least conc^tion of them even when* 
expressed in words. From these he is expected Xo, learn what the figures signify, 
and what is meant by addition, substraction, multiplication, and division; and at 
the same time how to perfonn these operations with figures. The consequence is, 
that be learns only one of all things, mid that is, how to perform theee operations*^ 

on figures. He can perhaps translate the figures Into words, b\it this is useless tfbee 
he does not und^stand the words themselves. Of the effect produced by the four 
fundaipental operations he has hot th4 least conception. 

After the abstract examples a fw practical examples are usually given, but theee 
again are so large that the pupil can hot reason upon ^em, and consequently he could 
.not tell whether he must add, substract, multiply, or divide, even if he had an 
adequate idea of what these operations are. ' ' 

The common m^od, therefore, entirely reverses the natural process; for the pupil 
is expected to learn general principles before he 'has obtained the particular ideu 
of which they are composed . > * - 






Oral inatructUm , — Just as the most tonspicuous feature of the 
method of teaching uithmetio' during the oQ^oring-book peiiod ‘ 
the of la lii thu htoda of the popn/ tod the 

r quent exclusiydy wriittto totltoetic^ to the m^t ooikpipugitk fe&t^ 
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fd Oolbum’ii method is ori^iiOtrud^ or the eM^ving of ex^ises^n 
the mind. Golbum does not provide for written computations in the 
First Lessons. In fact^ es we have mentioned, he do^ not^introduce 
the number symbols at all in the first third (d the book. The quaii' 
tities of the problems throughout the book are small enough to bring 
the numbers within the coreprehenai j^ o f the phpil and also so small 
that Im may solve the problems mentally. It is therefore probable 
that pupils s<dved the problems of the Fimt Lessons without recourse 
to written calculations. When there were no “sums’' to be done 
on paper or slate and ^bmitted to the teacher for inspection, it 
became necessary for the teacher to hear the pupils give an oral 
sglution of the problem. Thus, at least in. the case of the ^|^nger 
pupils, instructipn in arithmetic was largely oral after the appearance 
of the First Lessons. The Sequel was a “written arithmetic,” but 
in it close comSection is made between “ operations performed in the 
mind” and the “application of .figures to these operations.” 

From eoncrete to abstract . — Colburn invariably introduces a topic or 
a new combination by a “ practical question.” In the case of a new 
combination the “practical question” is followed by the same com- 
bination in abstract form. For example, the multiplication of an 
mteger by a fraction is begun as follows : 

It a yard of cloth costs 3 dollars, what will 1 half of a yard cost? 

What is 1 half of 3? 

If a barrel of beer costs 6 dollars, what will 1 half of a barrel coeit? ^ 

• Wl»tislhalfof5? 

g 

In the jHmface -to the First Lessons the necessity of this order in 
teaehing ekildr^ is «nphasized ; 

,The idea of munber is first acquired by observing sensible objects. Having observed 
that this quality is oommon to all things with which we are acquainted , we-obthin an 
ajjatract idea of number.. We first make calculations about sensible objects; and we 
soon observe .that the same calculations will apply to things very dissimilar; and 
finaO^, that they loay be made without reference to any particular things. Hence 
particulars we ekablisb general principles, which serv&as the basis of our rea- 
scmiQ^ and enable w to proceed step by step, from 'Uie most single to the<fnost com- 
plex operations. It appears, therefore, tSat mathem^cal reasoning proceeds as 
much iqtair the principle of analytic induction as that ol«y other science. 

Examples of any land upon abstract numbers are of v^y^ime use until the learner 
Uu discovered the*prindple from practical exftmp^les. They are more difficult in 
themselves, for the learner, does not see their-use, and therefore does not so readily 
understand the i}uestion, But questions of d* pmctical kind, if judiciously chosen, 
^ow at once what the combination is, and nrhat is to be effected by it. Hence the 
ptqpil will mu^ leadiiy'duoover the means by whiidi the rasnltisto be obbaned. 

lllHimlin) 4ealiD#iiatj|y awiliM in?the. ^¥y^ |i »s hy r^ensn^ aapsiblBidrjects. 

Jtoimm.it ,na^jC o m ^ M mosm i^bstoct ej^ples, it very 

• 1 ^ 1 ^ M u^ eadly for it, ^(^use 

he dbm idiscoW cmifiectidn thitii he has pofoim^ 'several ](>iebti(!al 
pirn and begii^pip generalize them. , * . ^ - ' * 
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And it ia not too bold an aiaeiiljon to aay th%t do man eve> actoftlly learned mathe- 
maticB in any other method than by analytic induction ; that is. by laming the piin- 
ciplos by the examplee he performs, and not by learning principles first, and then 
discovering by them how the examples are to be performed. 


The full significance of this feature of Co^bum^s method appeam » 
only when we compare it with the practice of his time. It marks, as 
do other features of his work, an absolute break with the past. The 
principle is fundamental with him, and its effect is elearly evident 
throx^hout both texts ^ well as in hia method of teaching. 

Dbjectivf meOiod. In the First Lessons the pupil is,npt told l,he 
"combinatk)ii8,” but he is expe^t^ to discorer them by using ob- 
jet t^ e materials, the^Festalozzian tables, or beans, peas, etc., in per^ 
_f^ing the operations which the ‘"practical questions” called for. 
^e advantage of asking the child to think in terms of concrete ob^ 
jects is mentioned in the above quotation. It ^^uld be noted that 
• Colburn recommen^ the use of objective ma^ial only, when a pupil 
has need of ij;,' It is not his purpose to introduce objective material 
for the purpose of amusing pupils, and he intends that they shall 
transcend the use of it. The objective method, next to the oral in- 
struction, is the most conspicuous feature of Colburn’s method of 
teacliing. ^ „ * 

A8»istin^ the has already beph indicated that Colburn 

had a definite and accurate concepjiion of the working of the human 
mind. He also knew the appropriate manner in which to assist this 
. working. This he discusses in the preface to the Sequel^ 



When the pupil is to learn the uae erf figures for the first time, it is best to mtpiain 
to him the nature of them to about three or four places, and then require him to write, 
some numbrnn. Then give him some of thb first examplee without telling him what 
to do. He wiU discover what is^to be done, and invent a way to do it. Let him per- 
form several iirhis own way, and then suggest some method a little different from his 
and nearer the common method. If he readily comprehends it. he wiU be pleased 
, with It, and adopt it. If he doeeliot, his mind is pot yet prepared for it, and ahbuid 
be allow^ to continue his own way longer, and then it should be suggested again. 
Alter he is familiar with thatTlmggest another method somewhat nearer "the cemmon 
method, and so on, uuUl he learns the best method. Never ui^e him to adopt any 
method until he understands it and is pleased with it. In some of the articles it may 

perhaps be necessary for young pupils to perform more examples than are given in 

the book. ^ 

«■ 

One geperal maxim to be observed with pupils of every age is aever to tell them 
^i^tly how to perform any example. If a pupil is unable to perform an example, 
It is generally because h« does not fully comprehend the object of it. The object 
should be explained , and some questions asked which will have a tendency to recall 
^ the piincipleB^ necessary. If this does not succeed, his nundiis noJ prepared for it,' 
^d he must be required to examine^it more by hiamelf, and to review some of the 
priedples wl^ it involves',' It is useless lor him tdsp^onn it bdote his is 
properod tot it. After he has been tpki, he is sattsfie^ and will not be wtUing: to 
Masaine the principle, and he wiU be no better prepare^l fdranother case of the 
nod than he was tf^ore. When the pupil khows that 
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to depend upon hixnealf; and he once contiacte the habit of understandiog 
^hat he does, he* will not easi4^e prevailed on to do anything which he doea not 
understand. 

■, Ako in his address he speaks at length upon how the teacher 
should' aaeist the pupil: 

If the laarnw meeto with a difficult^, the teacher, instead of telling him directly 
how Jo go on, should eiamine him and endeavor to discover in what the difficulty con- 
fliata; and then, if poeaible, remove it. Perhape he doee not fully underetand the 
question. Then it aho\ild be explained to him. Perliaps it depends upon, some 
former principle which he has learned, but does not reatiily call to, mind. Then he 
should be put in mind of it. Perhape it is a little too difficult. Theji it should l)o 
simpUfled. This may be done by sul^tuting smaller numbers, or by separating it 
into parts and m a lrin g a distinct quwtion of each of the parte. Suppoee the question 
Were this: If 8 men can do a piece of wosk in 12 days, how^ong would it Uko 1 5 men to 
do it? It might be aynplified by putting in smaller numbers, thus: If 2 men pan do a 
piece of work in 3 days, how long wotild it Uke 5 men to do it? If this ahouM still 
foipid too difficult, say, If 2 men can do a^piece of work in 3 days, how long will it take 
1 man A do it? This being answered, say, If 1 man will do it in 6 days, how long 
will it take 3 men to do it? In what time would 4 men do itV In what time would 5 
men do it? , By degrees, in some such^vay as this,'lead him to the original question. 
Some mode of this kind should always be practiced; and by no means should ili^ 
learner be told directl/ how to do it, for then the question is lost to him. For when 
• the questioD is thus polved tor him, he is perfectly satisfied vnih it, and he will give 
himeelf no further trouble about the raod6 in which it is done. 

All illustrations should be given by practical examples, havihg refereu( e to sensible 
ol^ecte. 'Most people use the reverse of this principle and think to simplify practi(al 
examples by means of abstract ones. For instance, if you propose to a child tliia 
simple question: George had 5 cente, and his father gave him 3 more, how many liad 
he then? I have found that meet persons think to simplify such practical examples 
by putting them into an abstract form and saying. How many are 5 and 8. But this 
quostum is already in the simplest form that it can be. • The only way that it- can be 
made easier is to put it into smAller numbers. !f the chSd can count, this will hardly 
be neoemary. No explanatioi^morB simple than the question itself can be given, and 
none is required. The reference to sensible objects, and to the action of giving, 
usists the mind of the child in thinking of it, and suggeete immediately what operation 
he must perform; he sets himself to^cahnilate it. He has not yet learned wh^t 
the sum of those two ^umbers is. He is therefore obliged to calcuiato it ii^ order to* 
answer the question, and he will require some little time to do it. Most persona, when 
Rich a question is proposed, do not observe the process going on in t^e child’s mind; 
but because he doee not answer immediately, they think that he does not understand " 
i^and they begin to assist him, as they suppoee, and say. How many, are 5 afid 3? 
(Sa not you toll how maqy 6 and 3 are? Now this latter question is very much more 
difficult for the child thah the original one. Besides, the child would not.probabIy 
perceive any chonection between them. He can very easily understand, and the 
question itself suggeste it to him better than any explanation, that the 6 cento and 3 
are to be counted together; but he doee not easily perceive what the abstract 
, iramjb^, 5 3 to do with it. /This is a process of generalixatiaD which it 

tllnkchBdnDsoinei^,toleai]i. i. j 

*^>®cislly in the early stagts, it will be perplexing and latbeaiajuri^ 
to ItM a practicat to an abstract questioo foMhe puipoae ol explana- 

teL 7Ahd k fo etui worn to tell him the result, and not make him find it hhi»elf. 
12 ths qmkien is saffidently simple, he will bq1t 6 it. And he should be allowed 

toatodokaadimtbeperpae»edwithqusstkpsorintorruptiniisimtilhaK ft Md i> aeit, 
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But U be d(^ n^t aolve the queetion, it wiU be becsuae he does not fully comprebrad 
it. And if he can not be made to ccunimbend it, the question should be varied either 
by \'arying the nuinbere, or the objecta. or bo£h, until a question is made that W can 
an^er. ,One being found that he can answer, another should be made a little varied 
Mid then Mothw, and so on till he is brought back to the one find proposed. It will 
^ 0)6 better that the question remain unanswered than that the child be told the answer 
or ^ted in the operation any further than may be ooceseary to make him fully 
understand the (|ue6tioo. . ' ' ^ 


It is clear that Colburn understood that a dfficulty initiates reflec- 
tive thought. The pupil Ls at. first to meet a difficulty, feel a need 
have a problem. This is the first step. Second, the pupil is to make 
hie own hypothesis; the teacher is keep hands off. Unless the 
prol^em is one for which the pupil is not prepared, he will “ invent ” a 
way to solve the problem. 1 ^ may be a crude one, but nevertheless 
a nieffiod which wiU control the value. The thought process involved 
hero 18 that of making hypotheses and verifying them. The instruc- 
tor IS in the baiikground. Colburn would have hia function to be 
that of explaining to the pupU the meaning of the problem and its 
deinands, and to see that the pupil was finally made acquainted 
With the best method of solving the problem. 

I^v^vei^tr^ion.~ln the titles of both of his arithmetics 
Collmrn tepbc.tly states that the method of presentation is inductiv^ 
rather than ^deductive, lluijnd^tive development is not formal 
and mechanical, but hero as elsewhere, ho h^ grasped the mahiier of 
the working of the human mind. The complete texts must be 
studied to appreciate fully the quahty of his inductive development 
of a topic, but the development of division in the Sequel will give an 
idea of the charm of Colburn’s inductive treatment of a topic. (See 


This 18 as near real induction as it is possible to get in a textbook 
Ihe pupil IS given problems which he can understand aad appi^ 
ciate; the ^t he may solve in a crude fashion, more difficult prob- 
lems force him t<v make hypotheses, and the rule is delayed so that 
the pupil has had an opportunity to test his hypotlmsis ^iticalW . 
As a consequence, the pupil probably has cfiscoyeredthe apmopS 
rule before he reaches the statement of it in the text. ' 

Glasa iTwfnicfian.— buring'Tthe oiphering-book period, the instnic- 
fion of necessity was individual. Before 1821 the need was being 
kronly felt for a more expeditious manner of teaching arithmetic/ 
^e attendance was increasing very rapidly, and arithmetic wak 
bepnn^ to be tanght quite generally to all pupils. This condition 
made It necessary to instruct the pupils in groups. Colburn not 
only advocated elass instruction, but gives' suggSlitions as to the 
technique. , . 

»t rfleiution ffiat one scholar can compare himself with another; con- 
entljr they furnish the most effectual means of promotiag emulation.' They 
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we «D exceUeikt exercise for the scholar, for forming the habit of exprc^ing hia i^leas 
properly and readily. The scholar wlU be Ukely to learn hi« leaeon more thrtroiitrhly 
when he kno^_he shall be called upon to explain it. They give him an opportunity 
-to4iecovef whether be understands his subjort fully or not. which he wiH not alwn)*8 
be sure of, until he is called ujKm to give an account of it. Itecitations in aritlmu t ic, 
when propwly conducted, produce a habit of quick and ready reckoning on thc t»pur 
of the occasion, which opi be produced -in no other way except in the businow of 
life, and then only when the busineee is of a kind to require (x»nstant practice. They 
are therefore a great help in preparing ec'holars for busing. 

Directions concerning recitations must be general. Each teacher must manage 
Uie detail of them in his ovm way. 

la the first place, the scholar should be thoroughly preparc<i before he attempts 
to recite. No leesous should be received by the tea<'her that are not well Icaniwl, 
If this is not insisted on, the scbolar will soon become 4‘areles» and inattenti\'e. 


It is beet that the recitations, both in intellectual and written arithmetic, should 
berin classes when practicable. * It is beet that fl>ey should l>e without the iK>ok. and 
that the scholar should perform the examples from ht^ng them read by the tearher! 
Questions that are put out to be solved at the reciudon should be,soIve<i at the nvita- 
Uon» and not answered from memory. The scholars should frequently l>e required 
to explain fully and clearly the steps by wliich they solve a question and t)io reasons 
for th^. Recitations should be inducted briskly and not suffertHl to lag and 
become dull. The attention of every scholar should be kept upon the subject, if 
possible, so that all shall hek^ every thing thst is said. For this it is nectebary that 
the questionspass around quickly, and that noLholar he allowed a longer time to 
^ think than is absolutely nepessary. If the lesaomis propc^^ as it should l>e, it will 
not take the scholar long to give hia answer, iNis not well to ask one scholar too 
many questions at a time, for by tliat there is d^er of loeiag tho attention cf tlie rwi; 
It is a good plan, when practicable, so to i^anago the recitations that every scholar 
shall ends||iA to solve each'question thatb proposed for solution at the time of the 
redUtioa.^This (nay be done by prpposiig tho question without letting it be known 
who is to answer it until all have liad time to solve it, and tfien calling upon someone 
for the answer. No jurther time should be allowed for the solution ; but if the scholarp 
^ so called on is* not ready, the question should be immediately put to another in the 
same manner^ 


He also^ shows a trace of the monitorial system when he says': 

It will often be well to let tlie elder pupils hear the younger. This will be a u««^l 
exercise for them, and an assistanc'e to the instructor. V. / 

' Tewhing pupils to study— Colbum recognized the volue'oTTeaching 
pupils bow to study. He says: 


* Thcffeis one more point which I shall urge, and it is one which I consider the iifoat 
importMit of all. It is to noake the scholars sj^udy, I can give uo direcjious how to 
do it. Each teacher must do it in hia own way, if be dues it at all. He who suc< eeds 
in m a king his scholars study will succeed in making them Itfim, whether he does it 
by punishing, or hiring, or persuading, or exciting emulation, or by making the 
atttdles so interesting that they do it for the love of it. It is useleee for me to say 
i^dohiwlll produce the best effects upon the,scholafs; each of you may judge of that 
fcp youifvlvea. But this I say, that the one who makes his scholars study will make 
th«m lem; and.hd who does not will not make them learn much or well. There 


1 Address, Teacliliu of ArUhioeUc." 
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never hfle been found a royai road to learning of any kind, and I piwume there never 
will be. Or if there should he, I may venture to aay that learning so obtained will 
^ not 1)0 worth tho having. It is^a law of our n^luro, and a wine ono too, that nothing 
tnily valuable i^an be obtained lal>or ’ ‘ 

In anotlu'r place he ,si4rge.sLs some necessnrv coiulilions; 

Thin «iibje<-t also 8iiKste«l« a .hint with t« makiiiR Kxik.., and exi«.rially thdao 

i hildren. The author oliould endeavor to inatriirt hy fnriudhin); the learner with 
iv<-a.xion... for-tlviiikitiR and exercieinR his own reaxoning )K>wer!>, and he aliouM not - 
endeavor to thiift and reaer.n for him. It ia o/ien very well that there ahould he a 
iwilar eonree of reaaoninR in the,h<x.k‘on the enhjeet taught: hut the learner ought 
not l.> he romrwlle<l id purmig it, -if it can powihly he avoided, until h'e has examined 
thesuhjertand romeloa roneliiHion in hisown way Then it is well for •liim to fol- 

low tho roArtoniiig of n thorn, and soe huw they think of it 

.lA)fnyifi<>;i..~-AJthou{rh Colburn recognized that there were fw>veral 
witys for making arithmetic intert'sling, he stdeettHl the prohlems 
• which especially appetd to ehildren and caused them to /eel a need 
for^ pnicess or definition before it is gi^n. 'Hie types of problems 
, are well iUustratod by. thos<> aJread.v given. A fading of need for the 
process is created by introducing each topic by prohlems. The very 
plan of dividing the te.xts into two parts, and thus separating the 
prohlems from the development of the principles, operates to create 
motive for the study of the principles. Even in the development of 
the prineijiles, the rules are not state<l until after the e.xplanation of 
the operation which is itself ha.scd upon a problem. Wliatever drill 
seems luTessary is not given until after a considerable number of 
practical problems have been solved by the pupils. ** 

But even'these devices do not reprt>sent all that Collnini bus done 
Ut inntivate the arithmetic work. His style of writing and his ability 
to sw things irora the child’s pojmt of vieV assist materially in this 
ri'spect, and the way he guides the learner in the development of the 
principlt« adds a touch of genius \o the whole work. 'Hie following 
is from the SequpJ,,p. 193: " 

A h(,y wishes te divide } of an oran):e e<jually between two other hoys; how imu h 
muBt b'fe give the^ apiece? > 

If he hail three oranges to divide, ho might give them one apiece and then divide 
the other into two equal parts, and give* one part to each, and each would have H 


the other into two equal parts, and give 1 jiart to eaojt, then each will have f and J 
of i. But if a thing be cut into four equal parts and tlien each part into two equal 
l»rts, the whole will be cut into 8 equal parts pj- eights; consequently j of f i» J. 
Each will have i and J of an orange. Or he may cht each of the three parts into tWo 
equal parts, and give i yf each part to each boy, and then each will have 3 parts, that 
|. Therefore ^ of } ie 
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Two more problems are similarly explained, though somewhnt 
more briefly. He then draws a conclusion as follows: 

In the bust three problme the divieiuu is perfonued by muluplyin>{ the deuomi. 
nator. In general^ if the (Jenominatorof a frarfion mtiliipliiMi \>t '2, the miii will lur 
divided into tWipe as many y>ar1s, consequently the parts will be only oneduilf m / 
lar^e as before, and the same number of the small parts Xh* taken, a« was taken of tii/ 
large, the Nulue of Uie fraction will l>e one- hall as much. If the donominator be u^tl- 
tiplied by three^ each part will be divided into thns^ parts, and tbe same nuinb^'r .<( 
parte be taken, the fra<'tiou will be one-lliiid of ihte value of the^lirsi . Kinallv/i if i l<e 
'denominator be multiplitKi by any number, the )iane will he ho many times suiallt r 
Therefore, to divide a fraction, if the mimorator laii not be divuitnl cjtagtly b\ ihv 
divisor, multiply the denominator by the divisor. 
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/PART ill. THE INFLIiENOE OF WARREN COLBURN IN DIRECTING THE 
/ |)fiVEJ.()PMENT OF ARITH.METiC AS A SCHOOL SUBJEt^T. ACTIVE 
I'KRIOD, 1821-1857; STATIC PERIOD, 1867-1892. 


Chapter Vll. 

ARITHMETIC AS A MENTAL DISCIPLINE' 


niiriiig tho first half of tho ninotooiith o<>ntury tho of (•ities, 

tho riso of iiiaimfactTirinp, tho iiivtmtion of niachinos, now modes of 
u-fivoLand tmnsportation, and other factors combined to produce a 
donirtiid for a higher degree of education than had been 'neceesar}’ 
whon life was mom simple. At tho same time, tho home began to 
creitributo loss to tho child's education. As a coiisequenco there 
canio to be a now concept of tho ptirposo and scojre of tho education 
- pr<ivi(jed by the sch(Hils and an aw'akoned interest in public, schools. 
This movement which has been known a.s “the common-echool 
n'vivnl” wa.s mpet prominent between 18;i5 and 1860. Tl)o interest 
in tlio work of Postalozai, wliich we have noted in Chapter IV, the 
production of texte by American authors,' and the extension of the 
' public-school system to include primary schools and high schoob 
wem phivses'of tho larger movement. 

Tlio prodtictien of arithmetio texts by American fulhors, the 
niodification of the content of arithmetic,* the extension^of the in- 
si met ion in tlie subject, and tho attempts tbjirovide texts for young 
childmn wore eleniente in the general development of arithmetic as a 
scliool subject in the United States. This mov*ement had l>een grow- 
ing since the close of (he Revolutionary War, and tho adoption of a 
Federal money w^iaa phase of the “great awakening.” In the three 
preceding chap(ei|^ wo have ^Id of Colburn’s c.ontributiom It is 
the problem of (ijis. chapter and the two fidlowing to show in what * 
ways and to wbal extent Warren tk>lbum augmented and directed 
this development.! 


The lirtHts of tM penod.— The iinportance of Colburn’s First Lessons 
justifies tho selection of 1821 as marking the beginning of this period 
in tlio development of arithmetic as a school subject. Following this 
date there was' a ,period of very rapid development. New typos of 
texts appeared. Some of these were revised frequently to keep pace 
with the growing ideas of the time. But, beginning about 1860, these 
revisions ceased; after this date it is seldom that we find a new 
type of text which attained any importance. 

* Axjthnietl|i Uxt4 by American autbera have baao mentiobad oa jpa^a 14. 
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Tliero was no such as tho apjx'aranco of ('‘olhunra 

First Ixwsoiis, to luark tho rJoso of this }>oriod. At times from KS21 
to 1>192 innovations woro attempted, some acquiring a considomltla 
folhtwinjf, ilowov^u, after about I860, tbopo was no oeseutial clmn^ 
in tho aim or wntent nor inodilk'etioh iu tho inotliod of tearhmg 
whidi was not loonl or inondy toinjx>rar}' until well t(tward tho v]nH\ 
of tho oontnry. Thoi^ now ty|>os (»f te^ls hocoino j>o|>ular and rv- 
pbii'od tluiso wliH’h had binm used for over a quarter of a ixtntun . 
Aho radical rhungtw m tiio m4»th(*d of iea<*hin^^^ on' nip'ii. Sn-t ml 
ev(Mits indirato that tho date of this transition was about !S\H). Wo 
have chosen lsy2, tho dale of tho Koport of tlio (\tinmitt4Mi of Ten. 
.\lthoujdi this mport doah only imndontially with ahthinotir, it was 
the oHicial tWlaration of '^tla* tea4'‘h<'rs <tf tho l(nit4ul Stnt^^s ami 
marked the alignment of a numlau of 4inr (HlncaU)ra ou fiat 

side of arithmetical ndonn. 

Th<» date markii^g tho (MuI of tho ]'nK‘( s of formalization and tho 
hepniiing of a Rtatioiiary jx^rit'd is hkowisi^ <liii‘u.uJt to dotennine 
withNOxmit.noss. Wo ha^a chomni !867, tho tlate of tlu» last of a 
S44ri(^ of m visions of Hay's arithinota'S. dost prior {a* this datiy. 

visions of KayV arithnunirs wt'O' fnupnnit, hut in I S') 7 a form was 
attained whi(’h was ii4)t alt4inul until 1S77 and only 'slifijuly tlu*in 
t)ther texts and ovoiits do not, in gonorab sjotcify the date 1857, hut 
they agitH* in imiicating tho Ix'^inning of a ndativtdy static- j)4'n(Ml 
ahiuit ;860. in viow of th»» popularity and tlu' widespnmd ami con- 
tinued use of Kay's nrithiinu.ics it is appropriate Uiai wt^ stdoct tho 
date marking their nmtnrity. 

J/cn^u/ arWmetird— Tho arithmotic. of the pn^reding pori4Mi was 
ronfinod to (’.ahnilations with writnm syjnl>ols. There worn no ex- 
amples or problems in which the quant ilios wt'ro small to Iw s(tlvetf 
without tho U84^ of ]xmcil or ptm. In fact, the subject was frequcruly 
spoken of as '‘ciphering.’’ Cidhnm intended tlntt the probktms of 
his First Losaons should bo solved without the aid of written symbols, 
and ho const meted dho book i9 such a way thAt this was made 
imceesarv unless the toacher supplomonted the t4»xt by iiistntctions 
in, “wTitten arithmetic." 

After 1821 tho nurro popular apthinotics were issmul in the form 
of a series. Usually one U>ok of su4*h a serit^ w as devoted to mental 
arithmetic. A few. authors unite<l tho two ty})0S of arithmetic in 
the same text. Mental arithmetic w^as universally tayght, frequently 
in a course i)arallehag the one in written arithmotic. 

e 

' Th« term mental arlthroettc” Itecame quite generally uaed to desfpiate that arithmetic which dW 
not tnvolva 4 »mpaUUciw with written imtiola. ColUum and some other anthori uaed the tenn, “Intel* 
Ieclij»l*'ta5tei4 of “mental,’* and called thie type of arittiinetlc, **cjral.*' Theuaeof thelwia, 

“mental arluAuc,*’ has been critidied on the pound that arithmetic which Involvea ealculatlons with 
wTjtteo aymMlli just as truly tomtal aa that which does not , hut the term hah been and l« itill ao 
alt^ tftad Ukhtita'uM here ii Justified and wRi aeT'-e to aroU ogofusion. 


AniinMKur AH A MKNTAK m&CIPUNP.. 

TrTt^for youn^ ,hiUrm. -Th,> tPxt.s „f the pr,.cp<{inp ,>oriod wore 
not smul.lo for ym-.-iR chihlmn. Tims who,, arithinoti.- was ta.mht 
to ilu'in no U'xt was in tho hands of tho pu|)iLs. It only a 
f. 0 > yoans pnor to 1821 that tluxn. waa aii alto, apt U. pn.vi.lo a tlvt 
.for .VOUI 4 J daldnm.' But soon afu<r 1821 many pmuarv Imoks 
HPpctrcti luul a sohcs of arithmplirs was not romploto nnlr«s it ron- 
tionod H toxt sjHvifiraJIy uitTmdod for yomij: <’hiltinMV wn* 

t.'xis |in'part'.i to pro.-odo ('oll.urn's Knv^i l^vssons, wlm|, ('„lhuni 
diuiiii'.l was sitiijdo orioiioh for ohiliircn .5 or li voars of aj;o 

Most „f tli.« primary U-xto omlHHhwl tho iiso of ol.j.H-ta. In manv 
of thorn thoro worn pictures in which tho pupil was to coimi (|„. 
iiumhor of ohjocts. In somo toxts oxa.mplos wore ropr.-sonto.l 
y.ipliu-aJIy l.v moiins of marks, <iots, etc., or l.y aotiml pictures of 
(lir luont.ioiiod in (lie exorriso. 

.1 /■.//. a„7»roA-u mcii/uf ,/iA,-ip/no . - Throujjliout t ho pr.s-,aiino porioil 
a. uc have shown, antrmiotic wa.s tau>;hl hc auso of it.s in-nctical 
uiluo ill cortiiiii tra.IiHs ami coiiiuicno. A ilisc.iphnary fimctioii of 
arnimioiic was omphiLsizod by iVstaJo/./.i, who boJiovod that it Vas 
to Is. an allied by drill upon a set of als^traet oxcn-isixa which won. to 
he solved by tho Use of his tables or other seiisihl.. objects, folburii 
roceiiized mental di.seiphiio as one of tho iiiiporlaul fiinetions to bo 
re,di/..-d from tho study of arithmetie. Tho reeotrmUon of tho dis- 
nplmary fimelion, partieiilarly as at taeliod to monta] Lrilhinotir, iww 
afi. r the appoariuiec of Coihurn s l-'irsl l>os.sous until it oversliadowod 
th.. other fimelaijis. Davies says in tho prefne.- to his Srho(.l Ariih- 
!,S5,p; ■ In tho proiiaratioii of this work, two objoeta have 1 uh>ii 
kep. emistamly m view: KiiNt, to make it odueational; soiond, to 
make It ))raetn aJ. ’ 'Hio odiieatiomd value which Davies has in mind 
here IS mental ,ii,seiplino. .Joseph Kay says m the |.refaee of hi.s 
Ihhllixtunl Arilliiiiitir, ono-tliousandth edition. I.Miil: ' 

11.' It' meiiMl anlhmeor) .niiMv. learners are ijtieln i„ rcwai. m .oinlvre la (tnnk 
ler tl.em,.eh e,. » lole .1 imparls omti.teiH e in lJu.,r je.wer,. ami sm-n^Whoa.. 

Davies puts it soinowhnf more fornblv in his Intdli'etual v\rith- 

nunir: 

II 1 - lheel,je, t I.f lliia h,v,k to !r.im and develop Ihoriiiiid liy means (d llie s< iem-e o) 
Ouliil.ers. .NuniI.erH aro iJio imilnitimnla In-n- employ, >1 p, stn.acit.en the niemorv 
^ oiyvalo rh,. hwiihy of absUacUon, luid to shariwn and develop ihe reasuuin>; 

the” ■^ritkwftic, l.y Kdwaril Brooks, 1873, 

The sejenSSw arij^elie. until aomeMCat rocontly, wm much lew useful as an 

rtu^ional agency than it should have been. l?tinaisling mainly of rulaBand^thoda 

; * p?39. ‘ - - ^ 
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of operafiops, without preheating the rcuonn for them, it failed to give thsit hieh 



degree of mental diacipline which, when properly taught, it is so well calculateti to 
alTord But a great change hae been wrought in this n'spe<'t; a new area hae dawiRKl 


BO graded and strewn with the flowers of reason and philoeophy that the youthful 
leamer'can follow it with interest and pleasure; and one of the meet influential agi'nts 
in this work has been the system of mental arithmetic. 

The importance of this change can hardly l»e ot-en«tiniafed. The stpudy of mental 
arithmetic, intwxiuced hy'Warn'U ('olluirn, to whom teachers and pupils owe a <h ht 
of gratitude which cati never be paid, affords the linest mental diw'ipline of any sttidy 
in the public schools. WTien proi>erly taught, it gives quickness of perception, 
keenness of insigUt, toughness of mental fiber, and an intelhx'ttial jx)wer and grnsp 
^at can Ix) acquired by no other elemeutaiy branch of study. An old writermn 
arithmetic quaintly failed lus werk “The \VhetaU>ne of Wit.’’ Mental arithmetic is, 
in my opinion, truly a whHstonf of wit. It is a mental grindstone; it sharjxMis the 
mind and gives it the jxiwer of ('oncentralion and {xuictr.it ion. To omit a thorough 
course of mental {arithmetic in the common ech«xil is to depriTp the |»i|>il of one of the 
prinri|)al sourcixi of mental power. 

, Anthmetic <is a /tcierur. -Sinco fho time of flu» (irook philosophers 
I arithmetic/ has been conceived of both as an art and as a science, 
or as some fiuthors put it, as practical arithmetic, and theoretical 
arithmetic. The liters of tho texts which were ased during the 
' c.iphering-boqk period usually recognized both of these aspects of, 
arithmetic, but they seem to have'Hme. .so tnainly for traditional 
reasons. In tho schools arithmetic, waa an art. "But in this period 
, a number of text^ became colored with a philosophic point of view. 
Tho theoretical part of arithmetic was given more emphasis. The 
principles were more carefully formulated, and special attention was 
given to their interrelation and organization into a logical system. 
Greenleaf in the National Arithmetic (first published 18.15, revised 
1847, 1857) gives elaborate lists of definitions, axioms, and principles, 
and a chapter on properties of numbers. By some liters tho 
“science of numbers” is u»od synonymously with arilhmotic.' 

Arithmetic, the important school mihject . — -By reason of more simple 
texts and by reason of the emphasis upon 4he disci plinar)’'function of 
arithmetic, its relative importance as a school subject grew during 
this period. It Became the cust6m for pupils to receive instruction 
in arithmetic when they began to attend school, which in some ca.se9 
was before their fourth birthday.* 

Frequently, mental arithmetic was recognized as a separate snl>- 
ject, and two periods a day were given to arithmetic in sfvcral of the 
grades, in some schools from the third or fouth grade to the eighth, 
inclusive. William B. Fowli^ sai(^in 1866: 

Arithmetic u the all-absorbing study in the public schools of Massachusetts, and, 

‘ probably, In those of every other State. As far as my observation goes, it occupies 
more of the time of our children than all other branches united.* 


upoh the science of numbers; a “royal road” to mathematics has l>epn discovered. 


> Sec the citations frfwn Diivioa and Brooks, quoted above. 


' * Clifton Johnson: Old Time Schools and 8cho<»! Hoik;!, p. 37. 

> The Teacher^s insUtuto; or PAmlliar llinU to*Youog Teachers, p. 45. 
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Anothor writer said r 

tlaving such prominence, the subject came to be taken as tho basis of gradation and 
of promoting pupils, ' 

It is difficult for tho teachers of to^aj to realize that arithmetic 
has not always been one of tho fundamentals of the school curricu- 
luiiK There is tho general impression that the curriculum consisted 
of tho three R’s until it was .enriched by tho addition of tho more 
modem subjects. Hence we fail to appreciate that it was not until 
(ho second quarter of tho nineteenth century that arithmetic wfes 
accorded its place in our schools as one of the traditional educational 
trinity. 

Zn/Zt/crire method . — Tho complete title to Colburn First Ijeesons’ 
contained the phrase, “on the inductive method of instruction," and 
this method \ms a conspicuous feature of his texts. During the active 
period from 1821 t^ 1857/4iUthors frequently included some reference 
to the inductive method in the title of their texts. In the construc- 
/tion of their- texts many followed closely Colburn's plan. Some au- 
thors adhered to the deductive plan, and after 1857 the texts, even 
those which had previously embodied the “inductive method," were 
^^enerally organizcnl^leductively. 

SkUtavd ikoryyughness . — Increasing emphasis was placed upon skill 
in performing Ihe operations of arithmetic. This is testified to by 
the increased space given to drill exercises and the publication of 
“ Lightning Calculators," which were numerous in the last half of the 
( cntury. * * In the preface to tho New FnUrmediate Arithmetic^ Felter 
save : , 

This book in deaigned to makethe pupil quick and accurate in calculation, and to 
give him a knowledge of ihoee priltiplee and ptw^easea of arithmetic which are ne^ed' 
in the ordinary transactions of life, together with skill in their application. 

To accorapliali this, the drill card exerciser are arranged to furnish any desired ’ 
amount of practice in computation ; while the processes and analyses leading directly 
to the rule, together with tho number, gradation, and character of, the practical exam- 
ples, give the knowledge of necessary principles and skill in their use. 

Felter says in the preface to An Introduction to Arithmetical Analy- 
sis: “Tho importance of being thorough in the elements of arithmetic 
can not be too often impressed upon the teacher." * , ^ 

In brief these are the significant features of arithmetic as a school 
subject in this period. In each of them there are evidences of Col- 
hum's influence. In the next chapter the important t^ta of the 
period are described, and in them we shall see more clearly the influ- 
..rence of Golbum^upon the arithmetic of this perio<l, 

« > J. It. Oreenwoodt Prtnolplea of Eduoatloo FraeUcmlly Applied, 18S7, p. 164. 

* Edluonofisao. ^ 
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Chapter VIII. 

FORMALIZED PESTALOZZIAN ARITHMETICS. 


In this pencxi, antlimetic was usually presented in a series of (liree 
booJcs for the common schools and a higher arithinetic which was 
pnm^ly for academies and colleges. \^ile there wa.s no al.solute 
umfo^ty in the planes .>f division of arithinetic in the, coniinon 
schools yet in general there was, fimt, a primary arithinetic which 
, covered the work pursued in the primary school, which varied from 
, two and one-half years to four years; second, an intellectual, or mental 
^ithpietic; and third, a te.xt often designated as ‘'practical,- or 
common school, and which was a complete (ext in itself. In case 
a text bwame at all popular, it was provided witltTrtrw hir the use of 
the teacher. The ongmalJy distinct line of cleavage b^ecn mental 
anthmctie and wTitten arithmetic became less and less distinct l.v 
reason of combining the two, which was .vspecndlv popular in the 

latter portion of this period. . - . 

Two classes of texts of this period will ho described; firel, those 
which were wid^y used and hence exemplify the practice of ih,. 
times, and swond, other important texts, 'hiis second chuss con- 
t^s texts which were not used as ext(msivoly as the fir^t ejas^ hut 
which mdicate the coumo of deveJopment. The extensiveness of the 
uw of a text has been determined by considering the number of 
_^itions through which the text passed and the length of tim,> it was 
Defore the public. 

For dracription the texts have been grouped under authors The 
order is determined by the date of the fimt text by «„ author. 


ARITHMETICS WHICH WERE WIDELY USED. 

Colburn’s First Lessons, 1821, which we have described 
was the most extensively used.inental arithmetic during the active 
portion of tins period and must be counted among important texts of 
the entire period. 

^son (1788^857), who' wiote the North American 
Anthrwt^, was for a number of years a teacher iti the Boston public 
Mhooto, later principal in the department of arithmetic at Boylston 
School, and finally superintendent of schools. The Part First an- 
p«a^ ™y®27, Part Second in 1832, wid Part Third in 1834. Part 
Itirst » distmctly an elementary book, and the author states, “Tlie 
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slate and pent;il are not required in the performan(*o of the lessons 
oontainod \\\ Part Firat.’’ Tlie first, part of the Part Second consists 
<»f oral arithmetic, and the f^'ond of written arithmetic. Part Thin! 
IS doei^^ned for ifcdvaii(*ed scholars, and a.s such is a scholarly presen- 
tation of the subject from a mature point of view. 

Kh. As soon as the series was (’omplete, it displaced Oolhuni s text.s in 
(he Boston schools, and the AVr/A AvuT-i-ran 'Arithruftir^f, Pari Firsts 
wns an aJtertiative text as latc' as iSoh-hT. Tho series had heeil 
used in Chicagtr prece.(rin^ 1866. In an edition of l^art First, it is 
slated that it has been ad(Tpted in Boston, Salem. Portland, Provi- 
dcn( e, N (vw ^ orh, PhiladelphiaK and lA)uisvill('. I have ’examined 
copii>s of Part vS^ft’ond daknl 1832. 1S30, 1 848,’^ Ifciol, and of Part 
Third dated 1834, 1844, 1850. Part. Third appeared in two forms, 
both <‘opyrightod in 1834. One of these is announced as revised yiind 
cnlar^e<i. llu* enlargement is A list of questions for examination. 
Otherwise the series dot>s not appear to have been revised. 

Charts (1708-1876) p’aduated from the Military Academy 

at W est Point in 1815. Ho was professor of nmtluunatics and natural 
phiiosoj>h\ HI that jnstit^vion from 1823 to 1837, and j>rofessor of 
mathematics in Trinity (’oUckc, Hartford, 1830 to 1841. Later he, 
taiitrbt mat heniat ics in the normal si’ljool at Alban \ . N. Y., and w*as 
[>rofcssor t>f liigher malbematics in (’oJuinbia (\iUcge, New York City 
from 1857 to 1867, w'hcn lu» was made emorilns professor. Davies’s 
primary aritluiUiti(’ was published under the tijtle of P'irst Lmonv? in 
Arifhmefic in 1840. 'Tliere is also a Privmrii TahU Bool\ which 
appears to have been published separateJv at first. In 1856 the 
primary book is advertised as I>arus Primanj Arithmetic and Tabk 
Book. Davies hiieUccUtal Arithmetic w’as first copyrighted in 1838 
and rw’opyrighted in 1854, 1862, 1881. 21ie practical arithmetic 
was first publish^] in 1833 under the title i'omnam School Arithmetic. 
In 1838 it was ‘kuJarged and iinpro\^d” and callcil Arlthnhtic De- 
signed for Academies and Schools. In the preface of this edition 
Davies describes the book as an ’eJementarv treatise.” In 1848 
this was revised and callad Dairus^ Schaol Arithm'etic, and in 1855 
•another revision changed tlio title to Dan 4 s' New School Ariih- 
metic. Lat(»r a "New Series of Aritlunotics” was j)n*pareti, and the 
School ^Vrithmetic became Practmil Anlhmetw and a new w'ork, ' 
FlemnU of ' Written Arithvicik, was addHii to the series. The first 
edition of the IJniversitg Arithmetic was published in 1846. It passed 
through many editions and was often revised. Greenwood says: 
Whenever the^ discovery of new methods elf presentation demanded 
tt revision, the publishers and authors at once complied.” 

In 1912, the following arithmetics hy Charles Davies wore listed 
hy tlie American Book Company: Primary Arithmetic, Prac.ticol 
Arithmetic, Elements of Written Arithmetic, and University Arith- 
metic. 
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Davies prepared “a f^U analysis of the science of mathematics/’ 
and explained “in connection the most improved Tnothode of teach- 
ing/’ Tills was published in 1860 under the title, The Log\c oud 
TJiilUy oj This was based upon the s^^teni of inatht»- 

inatical instruction which had been “steadily pursued at the Mili- 
tary Academy (\\est Point) f(»r over a quarter of a century.” In 
descnbiug tliis “system of mathcinaticid instruction/' Davies sn\>i: 


It is Lho wwm'o of that rtvetcni thbt a principle tx> taughi Mon^ it it, uppIiiHi i.^ 
pmctjco; that general principles and.gwneral lawn ho taught, for their rontemplatioii 
i« far more impniving to the mimi than the oxaniinalion of ieolatod propoaitionf*. 
and that when mich princiDhw and snoli Uwk are fully compn'hf^nded. their appli 
ratiooA bo then taught as ednHOi]uenr(*e or practical reetiltp 
Thi8 «sl neat ion UhI. al an early day. to the union of the Krem h'aiid Knc 

li«h nyMema of mathematics. By (his union the exam and hcatitiful method^ of 
penoralixation. which diaTingiiioh the French ach(X>l, wire blended with the practi- 
cal methcMia of the Kn^flieh ay«tom.‘ 


And he sums if. up by stivinc^: 

y 

And in that system tat tlu> Military Academy) Malbemalio? is the huAisf Srienre 
preci^ea Art; Thwry io>es before Prarticc; <hti irrneral formula emhrar(*.-i ail the 
partiCiilam, ' . 


Thissysicni was ibe basis of I)avi(»s’s arithmetics. In them, arith- 
metic is first a science. 

In estimating flu' work of <"‘harlcs Davies, Greenwood says; 

The influeiu'c of I.)r. Bavit's h writing*? subsequent auihorv in this <*ountry eaii 
hardly be overestimated. It may bo v(*ry propt^rly regardini as tlie beginning nf a 
revolution in schtwlbook making. Simplicity and exfrtmie (*Uuirness became the 
leading idew in the minds of authors, who/tiidled how to l>e undersnssi by children 
and young people.'^ 




Joseph Ray (iS()7-18r)6) entertrd the Ohio Medical (’ollege in Cin- 
cinnati hi 1828, graduated, and became. a surgeon. In 1831 he he- 
’ come a teacher in Woodwtvrd College and proh^.ssor of mathematics 
in 1834. This position he h(dd until the institution was changed to 
Woodward High School in 1851, when ho became pn^sidont. 

Ray’s primary book wrh first published in 1884 with .the title, 
Ra/y^s Tables ovd Rnhs fa Anihmeiic and sold for 6 cents. In 1844 ^ 
it was remodeled and l>e.camo PaH First, of Ray’s Arithmetical 
Course. Since then it has been revisef<i^ in 1853, 1857, 1877, 1003, 
and has appeared under several titles.' In 1857, it was called Pri- 
ffUiry Lessons^ in 1877, Ray's New Primary Arithmetic. The in* el- * 
lectual arithmetic was first published in 1834 under the title, '^Tie 
Little Arithmetic; Elementary Lessons in Intellectual Arithmetic, on the 
Aiudytic and Inductive Method of Instruction. In 1844, it was en- 
larged and called Ray's Arithmetic, Part Second; in 1857 it was 


„ • PreiiDe. 

M, Greenwood end Artemas Martin, ''Notee on the History of American Textbooks oo Arith* 
hatk.*;,' Kept. U. S. Ontmts. otf Ed,, l»7-«^ p. 8t9. 
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known aa Initllectual Ariihmetic,, by Indudion and Anaiygis; and in 
1S77 as Itay'K Nnt> IiUfUeciual Aritbmf.tic. Under this last title it 
wtw copyrighted in H>()5. Ray's Fxhctir. ArUhmetic on the Inductive 
Olid Analytic Methmls of InstriLdion was (irsl published in 1837, In 
1844 it was “carefully revised” and called Roy's Arithmetic. J ‘art 
r/nrd, and in 1857 it was apain revised and called Rractical Arith- 
metic by Induction and Analysis. In 1877 it hccaine Ray's New 
! cacri cal Artiihinctic. In^ 1879, a l■^vo-l)o<tk s<Ti(>s was lasiu'd, Ray's 
.\cv- h'lemeniary Arithmetir nxu\ Ray's .’'rim I'r.achcal Arithmetic. This 
si'Ties was revised in 190.3 and (he word ” new changed to ‘Onodern.” 

Ray's Higher Arithmetic was puldished in hSofi, the, year after Dr. 
hay’s death. The text was completed aiul edited hy Prof, UhaHes 
A. Mathews. Jt, was revised and called, A', Higher Arithmetic 
in 1 N 80 . 

Of till tho to.xts of this ptiriod, tlio -tfTU's hy Joseph Kay htw *mi- 
joyetl tho most ext'endod and continued use. Kay’s arithntotii^s ho- 
canio popular hoo[» after their first ()ublicalion in 1831, and it soouls 
that thejr popularity increased rapidly for a ituinher of vears. Until 
within llio bust (piarter of a century, in» arithmetics were pul^ished 
whiclu supplanted them ^except lotndly. Kven now (HH3), after ^ 
more than a decade which luw heeit characlorized hy te.xts of another 
ty[H% they are still a widely used sorii>s of arithmetics. I'he ^vera^^e 
yearly aale for the last ten years has been approxiiue.telv 250/)0() 
copioi. ' • ' * 

J. M. (ireenwood sums up his estmuit** of d(»sej)h Kav and his work , 

in tlu^e w’ords: 

Tf> many it lias aj>|H»arot! m Iiv lUy'^ 'vrilhineI.ir.-4 Imvt) Hiirli a hold on tho i 

jiopnlar iniiui. Tin* rvason Ih. I Uunk, obvious. I>r. iUy in a Iaix<» soaso, a 

M*!f-rmnlo ma(Jn*matirian ami it t»o)f-mado l<*arln*r Ih-liafl l(‘arm*d well the U^mof 
sulMicIp. and in the <*1 his hcM>ks he always kept belon* himself all the 

dUhcultJfw luf hati exiHTieiieed in masUTing twli topic. No one know loftWr jnfit 

and w lie re and how to bear down on certain ^>«jints. !a an eminent degree he ■ 

pijA^etwed that rare combination of asaiiniiation aiul dour preetmtaiion. Me knew' 
how* to make the HuhjtK-M Htjck.‘ 



Benjamin Hreenlegf’.s {\7Hti 1801) (irst hook, the Sotional Arith- 
. metir, Combining the Aitalytic a.nd Syulhetic Mithods, wa.s piiL>lished in 
18.1.5, Greenwood sK^sr “It soon btH'anui a favorite treatise with 
teachers who preferred .sound .Uaininents in tins science. The first, 
edition was e.yhaifeted .within a 3 ’ear.’’- It wius rtivised ip 183(), 1847 
md 1857, hut the “general plan of the work was never changed.’’ 
In 1836 it wals announced as “Fomhuig a cohipletp inercantilo arith- 
metic, designed for schools and t^cademies.” Tho edition of 1857 has 
the title, The Mational Arith'fneticy on the. Inductive Systenij co 7 n.bin'ing 
tl^. Analytic and Synthetic Methods; Forming a Complete Course of 




^1 


er|c 


1 Op. cu., p. MO. 



98 " ARITHMETIC AS A SCHOOL SUBJECT. 


Higher Arithmehc. The Oomyutm School Arithnuhc or Iniroduchon to 
th^ Nat'iorwJ Anthmetic, was iirst puhlislu'd m 1842 ami rovi.sV<l m 
1848 Rud 18o6. It IS nioilohnl rlosrlv afti’r tiu' S\]tiotuil .Arytliioftii 
A Ariih/miu' tw the Jiulndit c }*lon was tirst. |>uhlish('<i in IS.M 

and n'vis (i m 1S'>7 ami lSf>d. 'Du* l*nfii(ny Arithmetic was tir>t 
publislird III 1S57 ami was las isiaj in IM’il. 

In IN<8 tluTr Wi'i'i* atlviTiisril (ii’iM*nh’af s New (’nm]>rt*honsi\«' 
Sorios, and rniforinity AmlinuMual Sntirs, 'V\\c f«jrnuT consist 
in^ of (In* .\ao Hciifoiru Anth mt tic , Arwr I\h in4 nton; Arith ntctic, and 
\nr J'ructicol Arithnitfir: tho latt^M' of (f'rfmlmfs \cw l^ruharu 
Arithihitir, (Trctnltaf's \tir Intdhctunl Arithuirtic, ttnenhaf's (\ofi- 
nton ^ IrdAz/z/V/V.' and drctithoi < \otional Arithnuiic. 

About tins tune tliri'r a]ij>raiv<! a x*ncs d(‘S('.rda*d as laan^ mi 
the basis of ilio NS oi k of n. (livenlinif i\ Inch was ro])\ rightc(l bv 
li. li. Matriotldm. wiio assisUai Mr. ( Irerideaf in rt‘\ lsnn^ thi‘ .N a 
tK>mil /Vntiuiiclic in I iu‘ uv\ts in i liis series art'; I' test l^s>'^on< 

. in Mfunlurs, Oral ami W'ntttu^ isM; AJanmtl of hiftlltctual Anth 
vuiu\ IS77; Ih'nJ Courttv u, Artthnutic, ISSl: and A<a/‘ Practical 
Arithmetic. is7tk 

In 1 U 12 (ii't'enlraf s aritlurnMn s \v'cr<' jMiblislu'd b\’ Ib'iij. Sanborn 
Co., under tin* titles, hirst htssous'. ( oiapltti Artthmtiic, ami llrui 
C'onrtie in Arithnutic, 

In tlh* ]>refac(' to the Xalitmal Antlilnette. Jso.". ('ireenleaf crin 
eizt's ihe.systiMii f»f arilhnietie ]>roj)osrd ]\\ (\illuu'n. 

An opinion has pri-vail»Mt amniig s-.mr nutt htT** tJno tiu' jnij.il shiaiM havo no rul(‘ 
^ to perform his <pa*sn»HH l>y. l>in slmuM i<Tin all In?^ ru!. - by men* imltl iu*!i 

Thin }4aii niighf <lo v ry \vi*ll cotihi it bo i arrii il into riio< t Ibii if tie* rxpi raMu o 
^ i»f tlif ailtlior Iia.-^ born tif.ariy st-rvii c n. ]um, liiu- fliiiif^ il liiLs uiu>'bt him is ilial. in a 

glvni time, a st mh*nt will atsjuiro ini-ro kii'o\ Inl^'o of iinlliiiiotir bv tia\ ing .“S'*|no phnn 
ruh'H given him. wiili » xaur)>h'.-^, limn In* will wiiluno iJit-m, o.-f)vt i:ill> ii In* bn 
tpiired to give an atialysm oi a suitabh' namber uf qiiesliuim imUor eat ti rule, 

IJe also linds il^iuM’essary to t*\]>lain why htj retains smdi it)]ms 
# ns practice, ])ro^n\ssions, ]>osit.ion. ]>ermntaHons. etc.^ ' wlm h some 
arUlunciir iis of .tin* jiiestml day. havt* ianl aside as useJ<*ss,” llis 
reastin is: 

l*or though want' of *he^^e nih'H ar'c no( of inin h pruei ical m ility . \ et , im ihev are well 
adapted U> impnoti the roiis<oiing |nover.-^. tlie\ i)ui:ht noi, in die authorV judi:men; 
to be laid aaide by any who \Mnh t<» beenme thorough undinietii lans 

In a later edition ho states tliat chief among tin* “many iinjirovr 
inents on former ('dit^ms'’ an» “cltoirt'r d(dinitions, more rigid analv- 
ses, and briefer and more aceurate rules.*' 

James Bates Thomson (IH0.S-I88:i) wrote a scries of arithmetics 
which were am,ong the. most jmpular during the middle of the cen- 
I tury, Tlfe books of the series were: Practical Arithmetic, 1845; 
Menial Arithmetic, AH46; llightr AriUmtiic, 1847, Table Book, 1848; 
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HiiJimeiUs of AriUiiiiitic. 1852; ami Arilhtnetkal A nalyms, 1854. In 
aililitioii thoi-i' was a ('(WinifroioJ ArUhiuftrc, in 1884. Tha Practical 
•Vritlinictic .'i.s (l('scrihc(l hy Grt'cnwood a.s hcinp "ono of the best 
rtrilliimMics ever offered to the public.'’ ,U1 „f the texts pas,sed 
(hroiigli many editions. It. wils slated in IS.sii that lOD.OOO copies 

of Thomson's ai it lunel ieal works were circulated amniallv.' A new 
.-eru's in two Uioks, first l.i.ssnns i;i Arltliiuiiir. Oral and Writfrn 
Arilh/nihr. am! tl.e ('oiiipl,lr Cnuled Arill, nn tic. Oral and W'riltfn, 
Was pre|>ared liy Mr. I'hoiuson nul ]>nhhslu‘d in 1SS2. just prior to 
hi-^ (icat h. 

Jnli/i .s/fx/i/t/r,/ is 7 :p puitlishrt! liis first ariihmrtii' in 1S49, 

:ual \vr aiv luhl 'tlml- up to IStiO. 1 .oOO.tUUt copies |of his iinthmo- 
Iir>l hail liftMi Kstuai. aiM iha annual saK*s rxnaaltal 'JOO.OHt)/’ ^ 

Mil* .lai'tinlt Ar>tl(Hn t n\ 1S4‘», Wiis tlisi^nad lx* an intro- 

* 1 (»*■ .1 ///I rioin JhtilUctUiil ArithtmtiC wiiirh was ]>uh- 

lishcd lilt* >ann* ymr. I in* fiist was rcvistal in ls;>7 iiinl tlu* in 

Bui iho<n rrvi'iious woru nuu\o “without any rlmngt^ .whirh 
ini^lii inlarfuiv with ils nsi.* in tha sanu* I'lasst^ with ]>ri*vious odi- 
(lons.” d'lirn^ was anoihur revision of tlia AnitTiran IutollN*tual 
Antlmu'lir in 'I'h,* titlu was rhan^n*d to Stod.iartrs Xnr 

liitdh {'fu>i! .1 rdhuntu' am] I liu Ixutk run t ains imirlt now mat tor. 
^tt'dilaid s / , W ( /// 7/( ( ^ , 1S,>J, Was rcAisiMi in ISfiTi and l>o- 

oaino the \*'ir Pnufutil Ar.th ntt tir. Auothor nwision was inado in 
1 'lli'i ari 1 1 uuol teal sorites also inrludotl Pict<)ruil Pnnuiry 

Artfhnnfu': ixHiihntnts nf' Aritli /rut 'n\ 1S(>L>; ('umphie Anihmetxc: 

SrIiOul Arithnntic, IstiW; /x\iulij h\rl:otur, isr.l; Philosuphlai/Arith- 

f/utw. 1 sr>;i, 

Stifddard ]>arnouiarly nnplmsi/ad inoutal or intollootual arilli- 
inotio. Hr says m t lir ]>rrfaro of tlir Ainorira:. Intollootual Arilh- 
mrtio. dalrd Is(il); 




% 


'I’lail int.-llr. inal arirliimai.', \vh**n pn)|bTly taiiiftiT, r- l.rTtrr * alrulair.i than any/ 
*ahtTsfa.l>- i.i i n \ atnl .h-vrlnp thr i farallirH tpf tia* laimi. to jinHlarr 

.X't'ur.in* aii*l li i.■8«•rlni^nalit^n, ami In rnahlr (hr jmpil to ar(|iiin* a kuuw'ltHipo ttf 

thf hiu'Ia*r imithrnmtr’H with ^roatrr riLsr, ran srarcr|> iulnhi of a dnatu. 

( irt*(*n\\ (tod says of rlu* \e\v Int<*llootir'al Aj’it Innotio, “This Imok 
IS ono of tlu* vary la*s{. luontal arilhinolus juihlisluMl.’* Tho rulo 
which l.ho a u ! hor says hi* has follmvod is, ’’Toll hut ono tiling at a 
jiiiu* and tliai in ils ]H'oj>or jilaro.T 

t/diurs SiiUMui I'Mfon. (ISUi -lS0r>). -Tho sorios of arithnie.tirs hv" * 
Janu*s Slow'art Kiiton consists of IPujIt. School ArUhtndui, 1S57; Pri~ 
tiumj AnihhicUc, rShU; Common School Anthmetw^ 186d; InicUec- 
hial Arithmetic, hStvl; Klemenis of Arithmetic., 1863. In 1879 
Eatx)n’s arilhmotios wore revised by W. F. Bradbury and published 
^ under the titles, liradhurfs h^oria hlemeninry Arithmetic, in ’two 
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parts, iuid Bradbury’s Eaton's Fractkal Arithmetk. Tlio (\>mnu'n 
School ^Vrithmctic was advertised as Winp in jiriiu in liU:'. I Inivc 
s co'.y of the High School Aritimiotic, dnicd lS7o hut copyriglitcil 
IK, 57, which has thi.s coin]>lcU‘ title, ‘‘A 'lVeatis<> on Arithmet H', 
bining Analysis ami Syniln^s. Atlaptisi tu ilm Host Modo (}i In- 
stniotion in Common Schools ami Acadomios ** Katon di'ts<nlK > 
well this Uv\t wh(‘n ho shv'h in tho profaot*: 


It ha8 boon tho i>rini*iplo t*» ho rloAr. hriof. aj'^nnito. hvioul ,‘?uhj<K \t* au 

lUrauK'Hl. tirHi. \rith O‘fonMH '0 U> ihoir tioivfiuloiitv. an»i. stvMihllv, with n*f(*ron<‘o i.. 
thoir iiniKtrtanco an*l smipliolty tho li*srt doh. ult aiui m..rc \u stl lirst. and th*- 
more intnoato aiul lt*wK un^HirUutt aflorwiUil?' 


Tho Primary Ariihrnoiio is ii&mlsnmoly diust rated, t h ot*nwt»..vl 
says of tho lH>ok : 

Thii» anthmotii* w'Tts pnhli.'itioi hy Monsr?* Hrnwn und T^i^^ird in a * 

Ttie object Inai^'ni iil‘»‘th(\i in primary ii\nfnirtnm h vcr\- ]»r'(miinMjt in th.i.-* Un-k 
The ongruviiiK^ ropnisont the ubjiSMa wit)* whji h tin* rhild ir^ himiiiiir. Tlio aim ■ i 
tho auUioriatA* loi^l the youn*; to a knowhKikrc o( ilio nnlulu*n(s of numtwrs l x 

Uu* usOfd iH;nrtil)le obj»H-ts nitlmr iban liv umntorrupt<Ad drill on liio labltv* '1'!.. 

Axx)k is simple in Umfua^v. prosTt'j*d\o in arroiKouiot;!. undAwli iwUiUtsi m 
montary ingtructinn ' 


Tho ConumMi Solntnl Arithmet u- Odious the same giMiend plan im 
(ho ITiglt Stdiool Arithmetie. It difTe.-s fmm n m h.Mii^^niore pm. 
tioal aiul dejsigned to meet ti;e wants i>f the hiohei' pn'mle.'j t.f . oih 
nion ajul grammar schools. In the Intidleetnid Arithmetie. Ktu.m 
atl<?m))ts tx) build u]>on the l\^laloz/dan metlunl. Ip^u' pref.aet* he 
3a}"s : ^ 

The Pwtal07.7.ian or induetive methol td teaehiiif; tlio faience oi numlvers \t* n..vs 
universally approved l>y intolli^rent todrliets. Tho t'uYt at tempt in (^)untry i* 
apply this mothtKi to monlal arithimsic n\‘-'ulti^l in tin* pabliruti^n id ('-olbuni's 1 
lyp«»on8, a work wlirv^t* suet'Orts inis not e.\etHti(»d jv meritT^ It wil-*. bowtui'r, a w-it-b.l 
experiment rather than a liorfect roaii^iUion <d the indinti\e gvf^tein (d in.'^irmu 
That tlio »iil)ae<pietit U^iks td the fcime rla.ss atiil ]»nrp*se ba\e to < ..rnK i i<- 

<Uifeota, and thiia me<*t the demand It rreat^Ki. i.^ duA ovid(*ntly their depurlnr.* 

from Iho true theory as develo|>oil and exeir.i)liru*ti by !Vatalozi.i 'rhe autlmr <d 
thin work hae endeavurevl to improve uism nil his predeeeiis*jr« by adlierin^ moo< 
cloeely than even ('olburn <lid to the ori^riiml metluKl of the ^rreat Swins tHin.at..f 
and \ry prertenLinij at the same rime, in a pr^tii'al lind aitrart i ve form, sneh impn.'i 
.mentis in the application of hia principhit? as have stig**l tin* ti^t of enlifihtemKi ^ \ 
}>erieuce. 

In the spirit of tlio inductive melinHi (oin reU* numi '‘rs nninU^r': .»ppln-tl tc. 
phyiflcal objo(‘ta— liave l>otm largely employ ivl in treating u eacli t.»pii-, iu^ the oidy 
fit preparation for the exeremw uixm alistraei numl>erfl, wdiieh aro far more ditl'n nlt 
for tJio youthful mind to graej). 

^ In this text the addition facts are in this form, “Two *yid one art' 
how many?” and tlie general organization of the hook is similar to 
that of Colburn’s First Ijessojis. 
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^ lloraUo A. ,(lh06-lS67) soGinB to hiivo boen h inalho- 

niMtiral ^;onius. At thr of Hi \w nmdo tlu‘ iLstron'umioiil calou- 
hiiioiis for an ahiiuuac. . At. tlir jip’ nf It) In*' lu'i'iimo ]»rof(>ssor *'f ^ 

nmtluMiuUKS in tho Ntiv»l Aradrjuy. whu h plavo \w liilod for l(t voars. 

Ills imillu‘inati<’i»l Ix'ok \\as a ruiv^rpit^/ Algt}irn in tM7. Fol- 
lou-m^ tluslu‘ wroU* an Klt'tnruUinj 4/yW^ni. ; Xiitimil r/uh^snjJt*/, 
\s\s\ t'h mrnhiru A.<trtfUA,jn(j, \SA\i:A'jnvt rPity Astroi lyiji \s\\): 
ifrinnttry n)tdtimiH4j Tnyttnoih^try *;/,</ ( o/j/V Nr Nj/rrri/' 

i)ty Ohtl Atnuyutuiu, lSn.2', f MiJtL> tmittml ( f jnf'uh*>h.\: ..I , 

/Viirfan/ ^tQUtl M^fthfUnUu'^i tinti Asti’ithnt/, , Ks.'tl, 

Kol»iiLS(Mi s siM’it'S (>f imtluiirl ws inclutlt's iminrron->. iitlr-' (i!'(s*n- 
utMul tin* following list; 

l>imary, lna*liiM ttul. 1 n.\> Prin:n\-*«\ c rnK-tiral, 

K». TuMc Un^trnuMitM of Writ- ' 

ii-:. .\ruJituo\it , .w. rirt-t l.ivt-**"-* i\i M.nt.il ni,.! Wrin^-ii .\ n: lunt n. , Ic^Td, Jnuxo^ 

1 I,*"-:* .\ntliniftir, 1>T1. r.k'moiii.H ..f Aniloi>t'i k . l»r.»l;inti Wntim. 1>77; Now Ti*Mt* 

)U«.k^ KS(), K.tiaiii^.irrt S!iort4»r Kirsl.lio^.k, ls7(. iitvinnor'.'* It.Kik, iNNi; 

SlK>rtt‘r Arillimelir, 1S7-I; H»K^k (^litJi*ir.. iSs-l ‘ 

.Mihon^h nutny of tlirsc l(‘.\ts pa.ssrd tlirou^li so^■r^Ml editions and 
hM^^• Itrt-n iv\ isrd. only very few elntnocs luivt- bt^en nmi!i‘ from the 
oneinal form>. l-'or (‘xample, m i\ ropy of the liuJnmijs .U/'i(7//< 

Arith Jt,( t a' uhiiii luiirs till' ropynpdil dales of IS.'is, IsO.'i. and 1^77 
it liKataUnl that “there hu.s lan'li no ehaiikt*' frmn pi'e\ion> editions ’ 

A similar stateimml is nnwh* in a taip\ wf tin* / *n»(;n A-xot / 
wlneh hi’urs tho'.sann' <‘o])yri^ht dati’s. 

The Flist I .ossons, tlumor ( 'lass A nihmet le. I'diMiienis of AnthmetiiA 
and New. Tallin Book were sjx-eial ndnjitation> t»t meet haal ihxmIs. 

A spi'rial edition of tin' I'livt I .^^'^so ns wjus issued- for llu' St. lyoms 
puhlu* si'hools in tssi. '1 he Ktvlniwon sern's ,tiii hmet le-i is at 
pre,sent puhlished h\ I Iw' ,\ inenra n !b'ok('u. .\-v a,i\ ert wt-d in 

the serit's consisti'd of itj tnle'^. 

Ihimel AN. 1‘ ish assisted Mr, Kolnn.-'On in the pcejmration of Ins 
t»'.\ts, partii'ularly in' the revisions. In 1>S7 h'l.sh pnhhshed a tWo- 
hook series, A’d///^e^ f>/je and \u)hhtr 7'iro. It was slated that tlu'se 
belonged to the Kohin.son serii's, and tlu'v were of the same general 
lyjie. 

In .-jM-aking the Progressive I ntelleel na! .-Xrithiiu'tie. INdfiiison 

SM \ ^ 

The armngeiaeiit Hint < laMBitieutjon are mor<.‘ strii ilv syniemuln ainl in tu'i Knlam e 
willi tliO naiunil anler uf nmlliemutii al 

One of tlio moflt iinj>or1ant amh it is tljoujcht, one of the i.u*<l original an.i useful 
feaUurofl of thU work ia the fujp coiieitjo, uiul uniform f*yt*nun of analyaia it t onuiuH, 
the result (ji long experieuoe in the srhuolnKun. 

' (.*11 rli , i» SW. 
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AJirr&MEnc Hlb a 'school subject. 


In tho pr^aoe to the Prr>grre«ah '0 Practical Arithmetic ' he stat^^ 
that his purpose has been — 

to pTMCtit the subject of wilhniertc to the pupil more u aerience thao an art . u> 
tearh bhn mttAodi how to reason, rather than to do; to jnve unity. 

•>wteiD, aiMl practical utility to the acience axid art of computation ; 

‘ These statementa are desoriptivo of Robinson'H anthineiics. 

lufward Hrooka is anothw arithinoticiaii whor*o oripnal texts w«*ro 
adapted to conditions without vciy much chan^ and appear in 
several fomis. Originally (he song's consist ihI of Nontml /Vtmory, 
ArtVAnirhV, 18r>9; Normal Mmtal Ari^htnMir, IS 58; iVon«o7 Firm en tar ^ 
IFri/fm Arithmetic; A^ormuf irn/fcu ArithmeHr, 1863. This seriis 
wasn*\us(Hl alnnit 1875 and be<‘ame AW Normal Primarij Arifhmf(ii\ 
New NomuU FIrmeniary Arithmetic, AW Normal Mental Arithmetic, 
New Normal Writlm Arithmetic. In 187S in the >^ormal Tnion S<Ti<s 
oral arithmetic was unilwl with written arithmetic. This appears to 
have been done to satisfy popular demand, ami Mr. BnH)ks hitn.sdf 
w^aa undecided aa to which >yaa the beiter'plaji. After dLscussiji^ tlu^ 
advantagOB and disadvaiJiagos of a uijion geriw, he says. 

VMikt will be the final adjuatinont of. ihu matter it la ilitBcult Ui dtvide. The 
prtwent tandeocy for a»inbiaatiou U an examplo of hUlur)- Sion 

after tho method of arithmetical anaJ>iii9, now taught in montuJ orithinfiu-, 
oeiited, acveral authoTB publUhtvl textKx^kti carabiiiing mental and vriiusi ox<»n 
among whom may bo mentioned Knierson and RcawoII O. Smith. Thtwe Ixtokd w^n* 
very popular for a while, but the public ta#to changed, and tho two suhjrt ta iMs oiiic 
aeparated, and mental ahthmoUr took ita place olongHulo of writu*n arithmotir, luiJ 
haa m ain t ai n ed it for many yeare." At preeent lliero ia a demand for the romhinalion 
of the two in one book,^ UTioUier thia demand will be ptTiuanent or, like a new 
bahion, will change again in a few years, time alone can dcs tde.' 

Mr. Brooks published another Berii*a, Nifrmal Rmlimcvtn of Arith- 
tntific, and Nemwal Standard Arithmetic. Tlu^se are advortis(Mi ti,s“two 
entirely now books embod 3 ring Dr. Brooks’s lifetime experiences in 
common-school work.” Brooks’s Normal II ujher Ariilimeiic, 1 877, 
was designed “to make tho student a muster of tho tluH)ry of uritli- 
^eiicN In addition )At. Brooks wnH>e hfrthpdA of Tcachi n4j Ariih tnetic 
and Philosophy of Arithmetic. The former wasj^rint oti with iJie AVv to . 
f /Ti ton AriflS^^,luid portions of i t were reprin t <h 1 in his ( e x (a . Bnn) lot’s 
arithmetics are still published (1912) by Clu*iatopher Sower Vo, 

Brooks's conc^tion of arithmetic w^as essentially tho same as that 
of the authors we hWe mentioned in the preceding pagi's. Arithmet ic^ 
was primarily a science whose function was to discipline the pupil, 
and djkw.’^as best accomplished by making tlie subjoci, logical, w)ncise, 
Isci^ 


and scientific. 

Other Important ArithmHics.* 
were publi^ed in the decade immediately following 1821 


The first four texts we shall mention^ 

Their 


^K»y to Uoioa ArlitUMUe, p. 9. 

• VoraeospIvUUctafUwUxUoftfait period smJ. M. OrMovoodaDd Artemae Ifartto; **Nota«oaU» 
Hjitaiyd d m lBW Taxtboola oa AjtUuBaaUe,'* Bap. V. 8. Comarit. o( Sdue.> l«07<^ and 408-99. 
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authors statwl explicitly, either in the preface or the title, that the *' 
text was based upon Pwtalozzian pri^iples- ' * ’ . > ' ; 

■ W’illkm n. Fowle, Th« Ohild’® Amhmeiic or tho Elements of CaJcuUlion'in tho 
of IV«Uiorri’a for \h^ Tw of (*hiMrt»n l>elw(inn tho of Thrws Ami 

r^ven Yoara, ltv26. ^ * % 

lUiswel) ( , Smitii, I^rai'Uc-al atitl Montaj » Arithi^aUc <tn m New Pl&u, in wrKich 
t MtnUiil AriUunt'tic ia ttMiilfintHl with ibe ii»n <»f tbo alaie; ixmiainiiig a ('ocnpiolo v 
forail prmHit'Al pnrjxm; being in dollars am] rei^ta; 1K27 • 

Mardu Rufor, The Juvenile Arithmetir and Rcbolar's Guide; whennn Theory and 
^ Rnu'Uoo afQ> combi netl and adapUvi to the ('aparities of Young lieginm^ra; ctMitai^ng j 

a iiue proptHtion of eiamploa in Kodwal Money;. and the whole U*iag illuauaud by 
N utueroiurQuMtionfl aimilar to ihom of PmuUoui , IK27 / 

Joim^ Kyan, The IVwlaJoKuan System of Arithnictir 182» ' 

^ \ 
Aiiaih^'a i\av Arithmetics by Drntiol A<iamn, autiior of tho*5rAoJar’g 

' .lnf^i;/fWiV, wrtii puhlUhtHl in 1827 . Itit* ifosrrihml on Uio iiil^ peige as 
^ boing a U^xt “in which tho principloa -of o}>t*Ttttinjj by niitnbora artv 
aimlyticrtlly explaiiuHi and rtynthotirally appIiiMi; ihjis ooinbining tho 
Htivanta^«B to bo dorivwl from ))oth tho induct ivo aiid ayiithatio ^ - 
jiukIow of iyatructinK," 

Iho \cw- Fcticnil f ViJrtifa/<;r, liy Thom ah T. 8n>iley» 1828/ in 
thsmbM *is boinj? ^*in appou/anco a iwm lo DalHiU's Ahthmolic.” i 

It poiiKml tlirou^li st»vond mhtions and waa still prinkHl in 1899 by 
J, l\ LippiiicAiU. A ( o. llu* ('.xiojidinl uao uf ihis- U*xt ahovi'a an 
cloitient of otinsorvatbiin. - ^ ^ 

FIcmcnIary \ejtsofis in lutdJcdu^ji Arithmetic; by .Ihuich Kobinaon, 

1S30, waa dt^i^iwi art an "iatrt)duotion lo Colburn ’a First Lessons and 
othoT ar^yhinoticw.!’ Tho nund>or facto arc prosoiitod objectively. 

Peter Parje^i/it MetluMi of Teachituj Arithmetic^ Gy'S. G. Goodrich, 
ia an intore^tinjif primary prithmotic. 

(itH)r)^o Porkiim publishtxl Ili^hcT Arithmetic^ ^IU\; Primary 
Arithmetic; KS:>0: and Praeiiml Arithmetics 1851. George P. Quack- 
vu \ h>a buihhvi upon %}ic \ ox\h by Porkina in 186.3 and foUpwing. 

Many of the problonus in t.ho Practical Arit binotic are mado up of 
important statist iiH and valuable fa(*Jrt in hLstory aiul philosophy. 

A 8ori(^ of arilluiiotirs was publiahcHl by Horace M^n aiid Plinoy 
E. Chase : Eleinents qf Antt //icfic, Part F'irst and Part Second, 1850 ; and 
AHf/imciic Practically Apphetl, 1850. In addhion Mr. Chase pub- 
Ixshwl the following under his own name: The frood Scholart Ea$y 
Lessons in Arithmetics 1845; the ElemetiU of ArithnietUs 1844; and 
Oommofi'School Arithmetics 1848. The last two of these are specified 
as being ‘on thenlaii of Ppstalozzi, " aud theserit^ is sometimes palled 
a Peslalozziaa sJries. ^ 


George A. Walton, assisted by Electa N. L. Walton, published a f 
series of mthmetics in the sixties. Later m 1878 and 1884 George A. 

W alton with Edwin P. Seaver wrote the Franklin Arithipetics, which 



Aieimmimo m a. aoHnet^ vdibjmdt . 

^ 1 

cmboily Pestalozzwii iddss. A foAtnro of both theso sorieB of arith- 
metics is the provision for drill. A separate book, Ariihmetical Prob- 
lem, 1872, by George A. Walton, contains over 12,000 problems for 
drill. 


A series by S. A. Folter was first published in the years from 1862 lo 
1877. A prominent feature is the provision for drill. ^ 

TXe content and.organiaation of the texts . — The series of arithinetirs 
by Joseph Eay has probably been the" most popul^ and the most 
extensively used texts of this period. The aeries is also the moat 
representative of ‘ the content and organization of the texts of this 
period. In the following description we shall follow Ray’s arithme- 
tics, quoting from others only to emphasize a trait or to show the 
presence of a tendency which later n^odified the subject. 

Primary arithmetic.—Warren Cblbum intended liis First Lessons 
to a first text for a pupil, but it.seems that, despite the very simple 
begiiining, pupils found the book very difficult.* 

The Child’s Arithmetic, by W. B. Fowle, 1826, is a little volume 
of 104 p^es. He states in the preface “that this manual is prepared 
in the spirit of Peetalozzi’s method, and is intended ns an 'introdiu- 
tion to the more advanced work of Colburn, which has wrought such a 
revolution in our own schools.” 'The book is in throe parts. 'J’lie 
first has to do with numbers from 1 to 10, the second with numbers 
10 to 20, and the third from 20 to 100. The first lessons contain ex- 




plicit instructions for teaching children to count by using objects. 
They are taught to count out many of the number facts before 
they are given any practical examples. The practical examples 
are very similar to the simpler ones in Colburn’s First Ixssons. The 
boolc is a teacher’s manual rather than a pupil’s text. The plan is 
for the teacher to take the initiative; the pupil is to do what he is 
told to do. On the whole the book possesses no distinotive merit. 

Ehnerson’s North American Arithmetic, Part First, 1829, was a 
text in which “illustrations by the use of cute” is made a very con- 
spiorrous feature in an attempt to exemplify the object teaching of 
Pestalozzi. Pictures of various objects are used — apples, cherries, 
trees, pears, hats, lamps, houses, horses, chairs, fishhooks, pins, etc. 
^ mmy oases simply marks or stars are used. All concrete problems 
in the book, except miscellaneous problems, are graphically repre- 
sented. Not all of the number facts are developed in this way, but 
such as are, always precede the formal statement and drill. This 
"'ftkea form of the book inductive, although it is not noticeably 
^ in spirit. The Hindu numerals are introduced in the very begin- 
ning, and aro u^'ln Stating the problems. The pages of the book 
are attractive in- appearance and doubtless appealed to the child. 
Onithe w^holedt is a ^irimary arithmetic of considerable merit. 

1 OttUm JohniOD, Old Tim Soboob and Bohool Booka, p. 87. 
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The rdation of tiiis text .to Pastalozzi Is given' by Emerson in the* 
preface. He says : 

The plan of the lononn accords with the method of instraction practice in the 
flchooi at Stan*, by the celebrated Peetelorzi. The method of illustration, bfthe use 
of cuts, and the location of unit marks under the question, it ia hoped, will bo found 
to 1)6 an improvement* 

The \yook was evidently designed to be tised before a pupil com. 
monced such a book as Colburn's Firsf? Treasons, since it was intm- 
ducod immediately into the Boston schools, apparently without dis- 
piiicing the First Lessons which was then in use. 

Pet«r Parley’s Arithmetic is a quaint little volume. Its lessons are ' 
“About dogs,’’ “About soldiers,” “About money,” “About a baker’s 
shop. etc. Each lesson ia headed by an appropriate picture. The 
following lesson, ‘ ‘About a cat and her kittens,” is typical : 

Hw is a cat with four kittem. She has been out in the field where she has caught 
a bird; thia she baa bro^ht home and given to the kittens. She has also caught it 
mouse, and one of the kittens is plajdng with it. Puss is a sly creature, and she kilU 
a great many little birds and mice. Her foot is so soft that she can walk without 
noi«.^ and her eye is so formed that she can see as well in the night as in the <Uv ‘ 
When all my little readers are asleep, she steals forth into the meadow or the wood* 
and woe to the mouse or bird that falls in her way. *' 

1. If 1 cat kills 2 birds in a day, how many will 3 cats kilP 4? 5? 6? 

2. If 6 kittens eat 2 nuco in a day, how many will 10 kittens eat? 

3 . If a cat divides 4 birds between 2 kittens, how many will each kitten have? 

4 If a cat kills 3 birds in a week, how many will she kill in 2 weeks? 3 weeks? 

5 weeks? 6 weeks? ^ 

6. If a cat kills 7 birds and mice in a week, how many will she kill in 14 davs? 

4 days? 4 days? &c. ^ 

6. If one cat kills 5 mice in a week, another 3, another 7, another 4, and ano^er 2 

how many do they all kill? , ’ 

7. If 4 kittens have devoured IB mice and 12 birds in a month, how many has each 

devoured ? ^ 

8. If (hert^ are 21 mire in a hoiiae, and a rat kills 17 of them, how many are left? 

!). Iftherearol8miceinabarn,outofwhirhaweaselkills7andacatll how manv 

are left? * ’ ^ 

In Elementary Lessons in Intellectual Arithmetic, by James Robin- 
son, 1830, the illustrations consist of a figure 1 placed in small squares. 
These “are designed to be used as counters, ia ^performing practical 
questions.” Every fundamental number fact is illustrated in this 
manner. 

A little later the primary texts came to conform to a rather fixed 
type which embodied many of Colburn’s ideas. The problans were 
very simple and about things fr^ the pupil’s life. They were to be 
solved by means of objects and in the mind. There were no riiles or 
definitions. Usually- the texts were illustrated by means of outs. 
Ray’s Arithmetic, Part First, was advertised in 1843 as oontaihing 
very simple lessons for little learners, illustrated with amusibg^ ' 
|orw, 'kk oats, dogs, rabbits, bd;^, girls, eto." In anoUi^law’ 
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refereooe is made to it being ^'illustrated with about 1,0Q0 pleasing 
pictorial counters.” The content of. these primary texts sometimos 
included some of the more common and simple tables of denominate 
numbers. During the latter part of this period their content was 
increased,’ and they were made more formal. Illustration by cuts 
disappeared. In Ray's New Primary Arithmetic, 1877, there are 
only four pictures to illustrate the problems of the text, and all the 
tables of denominate numbers are given except those obsolete. 
Piece-meal treatment of the fundamental number facts was the char- 
acteristic feature of the general organization. For instance, in 
multiplioation an entire "lesson” was devoted to the table of two’s, 
another to the three's, etc. 

MerUcd arithmetic. — Colburn’s First' Lessons was the pioneer in this 
field. The mental, or intellectual, arithmetics by other authors were 
patterned closely after this prototype. The ord arithmetic of Part 
Second of Emerson's North American Arithmetics is commensurate 
with the First Lessons and we find much similarity. The main dif- 
ferences are: Hindu numerals are used from the beginning, the tra- 
ditional order of topics is followed, and some use is made of pictured 
objects for illustration, especially in the presentation of fractions. 
The book is inductive in form as well as in spirit, being very similar 
to Colburn's in this respect. As in the case of the First Lessons^ 
a number relation is given first in A practical problem and is followed 
by the same combination in abstracted form. For example; 

1. A lady divided 15 peaohee among some little girls, giving .3 to each girl. How 
many girls were there? 

SoJutioD. As many times as 3 peaches are contained in 15 peaches, ho many girls 
were there. 

2. * If you had 16 cents to layout in pencils, and the price of the pencils was 4 cents 
apiece, how many could you buy for ail the money? 

3. How many times is 4 contained in J6? ' 

4. U 4 horses are required to draw one wagon, how many wagons might be drawn 
by 20 horses? 

6. How .many times 4 in 20? How many are 5 times 4 ? 

What became Ray's Arithmetic, Part Second, was first published 
in 1834 under the title, The Little Arithmetic; Elementary Lessons in 
Intellectual Arithmetic on the Analytic and Inductive Method of In- 
struction. In the preface, dated March 1, 1834, Jio acknowledges his 
* indebtedness to Peetalozzian influences by saying: 

So fv aa the pUm of the work is concemed, we make few pretenmans to origmality; 
W6 tread in the fpotstepe of Peetaloszi, and shall rejoice if this work should be the 
meana of making more extensively known the principles of the analytic and inductive 
mdUibd of inaction. 

The book begins with numeration, and the numbers 1 to 10 are 
r^Tpemted jncjtorially by means of apples, Hindu numerals are ^ 
pyim* The numbOT up to 100 are given 
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before addition but it is suggested that the nu&bere from 61 to 100 

“■ ®°“® progress in^dition.”' 

A table of ITO stars arranged m the form of a square is used in telich- 

ing the pupils to count They “may also bo used as counters, though 

tlie fingers are generally to be prof ^ed.” Addition is begun ^ 
such examples as: ^ 

’Ll;? ““V had her 

Tllw llT """ 

more questions of this type, and the suggestion is 
, made that the teacher make up many more. The addition tables are 
then given and ai^ foUowed by 5 pages of abstract driU and 14 prac- 
tical problems. The section is closed with a statement of the defini- 
tion of addition m question and answer form 
Subtraction, multiplication, and division are presented in the same 
general way Fractions are introduced with the suggestion that “for 
Illustration the te^h.r should be provided with a number of apples » 

prob ems are concernmg apples. In the following lessons the teacher 
is advised to use other illustrative materials. The first lesson on 
fractions is mwle up of questions such as, “If you divide an apple 

called? How many fourths in one apple? In two apples? E 

If Tn T"^’ ^PP^® one-fourth 

halves re l“4h in order the fractions from 

halves to ieuths in this manner. 


What is 2-thirds of it 


Wliat part 


If an apple be worth 3 cento, what i« one-thiitl of it worth? 
worth ? 

What is onfrthircl of 3? What is 2-thirds of 3? 

1 is what part of 3?- ^ns. 1 is the 1-thiid 'of 3. 

^^2 .8 what part of 3? Ans. 2 is the 2-thirds of 3; that is, 2 is 2 times the one-third 

for" dol^f ^ ‘>“y ^ How much 

1 are how many Umes 37 An^. Once 3 and the thiitl of 3 

6 are how many times 37 ^ns. Once 3 and 2-thirds of 3 ' 

6 are how many times 37 7 are how many Umes 37 

8 are how many times 37 9 are hoWmany times 37 
10 are how many times 3? 11 are how many tithes 37 

. hollowing ^8 there are problems of division like “57 are how 

P«>WeniBof multipliStS^^ 
^ fh!r ® of 6 ar6 how many t” These two questions 

lessons there aro ex- 


? 1. 11 / ««iu ui law i 6 S 8 ons tH 6 Te are ex- 

l^plee which caD for operations of the followhjg types; “7 is one- 


< ' 
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fourth of what number?” ‘‘What ia 2*thirds of 12?” “4-fifths of 
25 are how many times 6?”^ These op^utions are> in general, in- 
^ troduced by practical examples. Abstract examples are then given 
for drill, and more practical <^xamplte for application. At tlie end 
69 misocUaneous problems are^iven. 

The last section of the text is devoted to the tables of Federal 
money, dry measure, wine measure, Troy weight, apothecaries' 
weight, avoiitlupois weight, long measure, c;Joth measure, square 
mef^ure, measure of time, and sterling money. The plan of treat- 
ment is first the table and then quc'stions for drill. Most of these 
are in the form , ‘ ‘ How many quarts in 1 peck ? 2 ? 3 ? 4 ? ' ' Only 
a few of the questions ap}>roach practical problems. 

In 1843 the Little Arithmetic was revised and enlarged and was 
' published under the title “Ra^^’s Arithmetic, Part Second.” The 

first 64 pages are identical with the first 57 pagee * of the Little 
; Arithmetic except that the first problems i/i addition, subtraction, 

multiplication, and division are illustrated by small circles. Begin- 
L ning on page 55, fractions are presented again more formally, but " 

^ "" the author still retains much of the fi>rm and spirit of the earlier 

* pages. The fractions are represented by dividing a “yard of tape." 

Pages 97 to 144 are given to “Practical Arithmetic.” This includes 
notation and numeration up to nine placen, the four operations for 
integers, reduction, and the four operations for denominate num- 
ber, simple proportion, or the rule of three, and simple interest. 

,, In general, the presentation is formal, a single practical problem 

K followed by the definition, explanation of the solution, statement 

^ of the rule, and abstract exercises for drill. Pra<*tical problems as 

applications are placed last. 

In 1857 Ray’s Arithmetic, Part Second, had the title, “Into)- 
lectua] Arithmetic l>y Induction an(] Artalysis.” ^Fhe important 
changes are “appropriate models of analysis and frequent reviews." 
the introduction of percentage, gain and loss, interest, and their 
V applications, and the addition of a niynber of difficult problems. 

^ The “appropriate models of analj^jis” are given following the first 

problem of a leeson and again when a new type of problem is encoun- 
teredV There is a tendency to place the abstract work before the 
prac.lt;Kl problems. This is particularly true in the topics which 
i hav'j been added. 
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The edition of 1877 contains few significMt changes. Objective 
illustrations are omitted. The presentation of f^fions is inore 
formal, the definition being given first and the logical order is 
approachedv The space ^ven to percentage and its applications 
is inoreaaed. 


> Oempwe Umm «x«roliM with Um oo«i uMd by Pevtalotid. Sm p. 59. lUy loUowed PetUlossl «v«d 
dldOolbum. 
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The content of the mental arithmetics foUowed veiy closely that 
of Colburn's Fimt I^^easoi^ Tl^ four operations for integer And 
for vulgar fractions, a, few of the, most important tables of <lenpmi* 
nate niiinberB, percentage, and interest would serve, well as a table 
of contents for any mental arithmetic. The only change necessary 
would bo in the ordor and emphasis. 

The topics, as in the case of Ray a text, are presented in very 
much the same fashion as in the First Lessons. E^h ^ introduced 
by practical problems, which are followed by abstract ones for drilL 
This order is almost invariably retained, even in revised editions 
and texts published well toward the close of this period. The plan 
of following a practical problem by the same combination with 
abstract numbers was not followed except during thte active period, 
ami the number of abstract drill exercises were relatively less during 
(he static period. Much space was given to review questions, mis- 
cellaneous problems, and promiscuous examples* This was an 
evident attempt to secure thoroughness. 

The -practical problems are essentially of 'the same quality as 
those in Colburn’s text. Li fact, those of some of tlio texts bear a 
very close resemblance to those of the hirst Lessons. Toward the 
close of the period there is a noticeable increase in the. difficulty of 
the problems. They were made more difficult in tw^o w^aya: First, 
the magnitude of the quantities was made greater; second, the 
j)r()blems themselves made intricate. The extent to which' 
this w'as carried is showm in the following problems selected from 
Ray’s In|eUoclual Arithmetic, one thousandth edition, 1860; 

A hare is 100 leaps before a hound and Ukes 6 leape while the hound takes 3, but 
3 leaps of the hound equal 10 of the hare; how many leapn must the hound take 
to catch the hare? 

A trout’s head- is 4 in. long, its tail Is as long as its head and § of its body, the body 
is as long as i\j^ head add tail ; what is its length? 

If 10 gal. of water per hr. nm into a vessel containing IT) gal. and 17 gal. nin out 
in 2 hr., how long will the veasel be in filling? 

A , B, and C rent a pasture for $92. A puts in 4 horses for 2 mon., B 0 cows for 3 
mon., and C 20 sheep for 6 mon. What should each pay, if 2 horses eat as much as 
3 cows and 3 cows eat as mdeh as 10 sheep? 

If the interest for 1 year 4 mon. is 3/26 of Uie principal, what is the interest of'$100 
for 1 yr., 8 mon., 18 da.? 




rhe number and difficulty of such problems variotl with the author. 
Ray probably represents an average, certainly not less than an 
average. Texts containing difficult problems seeha to have been 
d«nanded, particularly in the latter part of this period. In his 
New Mental Arithmetic,* 1873, Brooks gives a laige number *of 
problems which are nothing more than intricAte puzzl&. He 
classifies them under such* heads as pasture problems, beggar and 
equal number problems, atjimal piohlems, working problems, labor 
and &h problems, age and step problems, etc*l 
S *SI768<»^17- S , 




IlO ABITHMBTTC AS A SCHOO^ SUBJECT. 

' Practkal arUilimHe . — The texts which are grouped under this 
head included all the topics of arithmetic which were studied in 
the elementary school. They began with numeration and notation, 
and addition, subtraction, etc., came in turn. In scope they' were 
the descendants of such texts as those of Dilworth, Daboij, and 
Adams. The study of “practical arithmetic” ])arnllplod that o' 
^‘mental arithmetic.” 

* Colburn applied his ideas of arithmetic, particulnrly the inductive 
method, to this field and, as we have shown, produced n (ext of hiHi 
merit. But the Sequel was not well received, and after a few vears 
dropped out of notice. The book euibodicd some features, sueli 
as the entire departure from the traditional division of subject luatior 
and the order of topics, wliich were too progressive for the times. 
Furthermore, the book had to compete wth contemporary texts 
and texts which were already in use. This was pot true of the First 
Lessonfl, for it was a piom^er in a new field. Tims Colburn probably 
influenced only very slightly this field of arithnikic dinnqlv thfough 
the l^uel. However, the work of Colburn did change tlie texts in 
practical arithmetic. The source of this influence was priinarilv tlio 
First Lessons. The principles underlying this text were ac'cepted, 
and other writers, like Colburn, attempted to apply (Ikmu in part to 
the more advanced texts. 

We have described the^holar’s Arithmetic by Daniel Adams. 
In 1827, he says in the preface of ,\danis s New .Arithmetic: ' 

The SchoIar*B Arithmetic, puMiahed in 1801, la synthetic. If that ia a fault of the 
work, it ia a fault of the timea in which it appeared. Tho analytic or inductivo 
method of teaching, as now applied to elomenury instmetion, is among theimprovi^ 
mentfl of later yean*. Its intj^uction is ascribed to Peetalozzi. a distinguishtxl 
teacher in Switzerland. It has been applied to arithmetir, with gicat irif^enuitv, by 
Mr, Colburn, in our country. * ^ - 

The ^yUe is unquesUonably the b«t method of ac quiriiiK knowlc(ige; the syn- 
thetic is the best method of ret^apilulating, or reviewing it. in a treatise desigmvl 
for school education both metho<ls are useful. Such is the plan of tho prwent un- 
dertaldng, vrhich the author, occupied as he is with other objects and pureuits would 
willingly have forborne, but that, the demand for the Scholar's Arithmetic still 
continuing, an obligation, incurred by long^ontinued and extended patronage„did 
not aUow him to deeline the labor of the revisal', which should adapt it to the present 
more enlightened views of teachihg this science in our schools. In doing this, how- 
ever, it has been neceasary.to make a new work. 


•Division is introduced with the problem, “James divided 12 
apples among 4 boys; how many did he give each boy?” After 20 
problems of this sort, the problem, “How many oranges, at 3 cents 
each, may be bought for 12 cents?” is solved by successive sub- 
tractions. The pupil is then told, “We may come to the same result 
by a process, in most cases much shorter, called Division" Thie 
pro^ of division is explained by solving this problem, and the 
new words are defined. The ^vision table is given, apd .after tho 


FORMALIZED PESTALOZZIAN ARITHMETICS, HI 

problem, ‘4Iow many yards of cloth, at 4 dollars a yard, can be 
boupjht for 856 dollars?” is solved and explained, the rule is stated 
for the case when the divisor does not exceed 12. The rule for the 
rase when the ijivisor cxcectLs 1 2 is derived in the same manner. 

V comparison of this presentation of division with the way in 
which such topics were pmscntcd in the texts of the preceding period 
iitdicates the extent of Colburn ’s . influence upon the “practical 
arithmetics.” The inductive method was accepted with only slight 
n^sorvatioi, and Adams seems to have caught, something of the spirit 
of it, as well as the form. 

Hoswoll Smith, wliose arithmetic was first ]uiblished in 1827, 
says in a rather bombastic preface in the. third edition, ' 

Another inquiry may »«,iM be made: Is this edition different from the preceding? 
Tht* :ii\d\ver is, Yes, in many ixyjperts. The pre«»nt edition profi^see to he strictly 
on tl^o r(*fltaio7.2ian, or inductive, plan of U?e<^*hing. This, however, ia'^not claimed 
Hi* a novelty. In this resp^vt, it rcieembUie in;in> other s\Tftems. The novelty of this 
work will ho found to consist in adhering more closely to Iho true spirit of the 
lalor.zian plan; cons(H|uemly, in differing from other syst(*ms, it differs l«w from 
rcritalozzian. This ‘^imihirily will now he shovui. 

I lie author attempts to ct>nil>ine ocal and written arithmetic. 
Tortain features of t!u> oral ]>art (»f the text almost duplicate Cob 
burn's First Ii<»ssuns hotli in actual content and spirit. For example, 
Smith hi'gins his t<^\l with: 

1. How manyhtXlts fingers have you on your right band ’ How many on your left? 
How many on Uith? 

'2 How many eyes have you? 

;f If you have two apples in one- hand, and one in the t>ther, how many have you in 
both? How many are two and one, then, put togtnher? 

4. How many do your (iars and eyes make, counti^ii tt>gt*ther.’ 

0 . If you have two nuts in one hand, and two in ilie other, how many have vou in 
Uith? How many do two and two make, put together? 

The Hindu numerals are' introdueed on page 2 and' the addition 
tables are given on pages 3 and A. AsideTmrn a list of 24 problems, 
there is no w'ork preceding the Hibles, and these problems, do not 
constitute a development of the addition facts. Following the table, 
there is only a page of drill. The remaining three operations are dis- 
posed of in the same manner. This completes the “mental exer- 
cises, ’ Beginning on page 17 wo find the traditional order of lopi<\s, 
numeration and notation, addition, etc. The fundamental opera- 
tions are introduced by a list of practical j)roblems to Iw solved 
mentally. The ‘interrogative system”* is used throughout the 
work in presenting mles and explanation. The author did this under 
the impression that it was the mark of inductive presentation, but 
nevertheless the subject is presented quite dogmatically. For the 
most part the spirit of the book is deductive rather than inductivo. 


m- 


Thl s B&nu InterrogiUte, or question and answer, systeni was used In Dil wortb *s SchootnusUr'i Aadat* 
. Tj^Mvtor* thU tMtora Is not OMeanrily due to Peetoloui. 
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rule is stated, (Compare t^s with Colburn *s presentation 6f diyiaion , 
page 74.) . " 

Althou^- Emerson presents percentiige and interest a^ distinct 
topics, his^rcatment resembles that of Colburn In the Sequel. In 
tiu' case (>r,mterest, the rule is stated for tiio simple case pr^ediiig ^ 
the first pr^thlems and the additional rules are gfiven as needed, some- , 
times even b^ng given after the first* problem which demands them, 
t>n the whole, Part Second is a text of consideralne merit, although 
in inductive treatment. ^concn*tenes.s, and motive it is inferior to 
(’olbunPs text. 

The tejct wiiich came to he known as Rays Practical Arithmetic 
l>egins with an intnidiirtion of J9 pag(*s devoted to definitions, 
numeration, and notation. It is suggestivl that “pupils in general 
netd not he n^qiiirml to study tlie introduction until going through 
the hook tile second time.'’ Addition begins witii; 

If you fiiul 2 at tmo limo and 3 at auutlier, how many will you have? 

If you give 12 ront^ fur a slate and 5 ceuta fur :» copy Ikk^U, I\ow much will they 
l>oth ct^(7 

John gave 6 c oiSe for au orange. 7 cente for i>euoiIfl, ami 9 centa for a liall; what did 
Uiey all coot? • t 

After several problems of this sort the pu|>il is told tliat -- 
(lie putting together of two or mor<» numl>erw « f the aume name or denomination, no as 
to make one nmnher (ua in the pret'eding exaniplct. ia calle<l a^ldilion. The number 
formed liy aiding Uigether two or utore mimbere ia calletl the aum or amount. 

The tahl(« are then given, an<l following is this development of 
the rule: 




James had ft3 cents and hia father gaw him more; hpw' many (‘ents lu d he tlien? 

The,**e numbers being too large to l>e odd oil conveniently in the mind, it be<‘ome« 
lUH-esary to write them down, and in doing this it Ls iMS-ertaary to put the unita of one 
number under the units of die oUier, and the tens of one numl>er under the tens of tlie 
Ollier, to enable ub mo^^ easily to a<ld ti^ther figures of the same lot?al value. 

IlaWng written the number^ in this maniuT and drawn a line 
63 cents undenieath, we In^n at the right hand and add the 6 units of the 
^ conis loyifcr nuiuber to the 3 uiiita of the upfier mmilxjr, which makes 8 
Ans. 98 cents units' place, and then add the 3 tens of tlie 

4ower number U> the 6 tens of the upper numl>er, which makes 9 tens 
to be set down in tens, place and the work is completed, and tlie sum of 63 cents and 
35 cents is 98 i‘euts. 

J^es bought an ecIo('tic reader for 72 cents, an arithmetic for 37 cents, and a slate 
for 9 cents; how much ciitl they all come fo? 

K. reader, 72 cents In writing this example we put the9 uinier the 7 units' in 
Arithmetic, 37 cents pla<y, for if put under tlie 3 in tens’ place it would count 9 
Slate, ^ cents lens, or 90 cents. 

j 11 K fa right-hand column and say 9 (units) and 7 

(Units) are 10 (units), and ^ funits) are 18 (units), which Is 1 
"ten and 8 units; set down the 8 (units) in the unite' place, 
and Cfirrying the 1 (ten) to tens' place,, we say 1 (ten) and 3 (lens) are 4 (tens) and 
7 (tens) are 11 tens; that is, 1 hundred and 1 ten, which we put in their proper places. 
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, Ml folioif^ by^fthetir«cl^4^ «x:erci»es uid then pracUcel 

. jprobleizis Subtraction, multiplication, and division are- aimlWly 
prMted. Praetiona preemted somewhat more formaily, but 
the induot^ve form and much of its spirit is oxhibited in thcjremaindcr 
of the book. The table of contents includes the four operations for 
aimple numbers, Federal money, compound numbers, fractions, pt*r- 
oentage and its applications, fatio and proportion (simple and ooui- 
poimd), fellowship, alligation, equation of payments, practice and 
analysis. Ii^u appendix the following topics are pitv^nted bnefly: 
Involu^on, evolution, progressions, position, |)cnnu(ation, exchange, 
duodecimals, mensumtion, and lxK>kkDeping. 

Essentially the same mtroductory problems are foimd in the edition 
of 1867. Following these, the dehnitions are stat4EHl thus: 

T^e piorew ot uniting two or morp numbers inti one number is ti-niitHl Addition 
number obtaineti by tuidiUnn is Uie Sum (m- Amount. 

K^aark. When the numliers to be ad<ied are of the siune denomination'- thut is 
% all cents, m all yaids, etc.— the operation is Simple Addition 

, The development of the rule is as follows: 

1. James hw 6» cents and his father gave him 36 cents; how manv cents had he 
then? ■ . ■ 

a ^ 

Place the. units and the tens of one number under the units and the tens of the 
other, that Spires of iJie same unit value may bo moio easily tuldwl. 

&^a«i«!a.^Write the numbers as in the margin; then say 6 unite 6;l cents 

«ad 3 UJUftfekiaro 8 units, which write in units’ pla«^; 3 ttms and 6 35 cents 

ions are 9 tens, wliich write in Urns’ plaie. the sum is 9 tens and 

8 unite, or 98 cents. - d«« 98cenis 
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In this exsmple, uiute are added to unite, and tens to tens, since only numbers 
o{ the aame kind— that is, liating the same unit value— can beadded. Thus, 3 units 
tod 2 tens make neither 5 unite nor 6 fens; as, 3 apples and 2 plums are neither 
5 applna nor 6 plums. 

, This is followed by a second example and its solution, and then a 
few * ‘questions to be solved as above.” Carrying is avoided in these 
examines and is taken up on the next page, after which Uie rule is 
stated. 

» A oomparisoi. of this presentation of addition with that in the first 
«^^tion (1837) shows the extent of the fornialiaation of the inductive 
method whitii was Attained in Ray^s Practical Arithmetic by 1857. 
Tbe foiw js retained in part, but the spirit of it is almost entirely lost. 
In the derivation of the rule the pupil m simply told what to do. 
It differs only in fonn from the method of presentation found in 
Adams’ Scholar's Arithmetic (1801). . 

next revised edition, 1877, there is one additional introduc- 
tai^ probJ^, thp doftmtions are stated more formally. Only 

prsjoedingf j^ of the rule, as 

'■ ediititm 'of l867.«ftAnd' one, ^ of these ia;iipi|3iely 
tkidiiiaidoiia <ff ^ the sointiciita are more abbreviated 
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$ In ihd first ediUofi tha to|iiii» which w« now tndudo uiidcr^thii hctd 
of pcrcentaj^ and ito appUcation are given in order, .jictet- 

oat (including partial paymeute), baoiking, disooimt, perocmtiige (in- 
cluding profit and loss), ooinmiasion, insurance, buying and eell^ 
slocks, exchange, duties, and taxes. Under interest, rate is intro- 
duced by the statement: “A lent B §200 for one year; at the end 
of the year B paid A the $200 whlcb he had borrowed' and also 112 
in addition for the use of the money; that is, he paid at the rate of 
$6 for the use of $100 for one year.” From this, principal, interest, 
rale per cent, aijd amoimt are defined. “Rate per cent means rate 
per hundred ; it is the sum paid for the use of one hundred dollara for 
^oue year.” Later, per centage (writtep as two words) is defined as 
the group of “ihceo caloulations in which inference is made to ,a 
hundred.” Per cent is defined as a ' ‘oontraetion of^ per centum, 
wliich signifies by tho; hundred; thus when we say 5 per cent, we 
mean 6 dollars on 100 doUare, or 5 cents on 100 oemte.” 

Decimal fractions are not employed in the»e problems. Tie rule 
“to find the per centage” is; “^Multiply by the rate per cent and 
divide by 100; the quotient will be the per centage.” After the 
pupil has been drilled upon finding the “per t’entage,” the applica- 
tion Is made to profit and |oes. This plan is foUou'ed for each of the 
thi’ee cas<o, of }>ercentage. , , 

The presentation of tliis material is practically unoLanged in the 
edition of 1844, but in 1857 percentage (written as one word) was 
first presented absinustly (Cases I and II). Tliis is followed in order 
by commission^ insurance, stocks, brokerage, interest, partial pay- 
ments, compound interest, discount (true), bank discount, profit and 
loss, taxes, and In presenting percentage, the equivalent of 

common fractions in terms of per cents is given first. In solving the 
problems the rate per cent is to be expressed decimally. The symbol 
% is used almost exclusively instead of the words **per cent/'' 
The idea of ‘ ‘per cent ” meaning at the rate of so much on the hundred 
is not suggested. 

In 1857, ootumon fractions are preceded by sections devoted to 
factoring, greatest common divisor, and Jeast oonounon multiple. 
Longitude and time is made the title of a section. AJiquote* or 
practice, is reduced to a scant three pages, and oancellation is intro- 
duc^, but Ray insists that “it is not m^e a or an aritfi- 

metioal machine, by which results, can bo obtained meanly in a 
mechanloal manner.” 

A eompMiBon of .the editions o£48^7 c®d ,I877 reveab the follow- 
ing chaii^ of omatent. v J^® ^man notation, oancelUtion, 
nmt^ a^t^ Imve^jpn^^a Faotorag ^ 
multiple and cojocifiidn .divisoir), eoni]dex “ p**ir w fi [i - 

age, ereluttio, iniurei^ and taxes have ^ enk^. The ^ 
Isw^ tc^piOB hare befiOL dnuttod: AlUgation mechajliiaingk po^ 
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■d(wb|e po8iUon,-permutetion,^dtHMiKinnlH, bookke«pmg, and olsoIot« 
Ubte of we^bta «Hi mewureB. Som« of the modificBlion* ate ven- 
notioMWe. For innumce, in 1837 erehange was given a acant hnif 
pe«6 in the appendix. In 1877 it was made a chapter of five pag,>s. 
In 1887 peroentage was treated brieflT, following iiitereet. ln'1877 
a ^p^r of 22 pages k given to percentage, and it precedes interest. 

in the National Arithiytio by Benjamin Greenleaf, 1835, ntental 
arithmetic k mixed with the written by giving a li«t of “mental 
oporationa,” but young pupils are (uiv»e«l to study (\illnim’8 First 
The mental problems precede the wTitten, and ustiallv tin- 
fiMt of tlie mental are absiraet. “Mental oj>eratHms in fractions 
remmda one of <V>ll)uni;s First l^n«. In this list tlte pr»<.tical 
Mtamples preeetle the abstra- l. Interest m'the first topic of isTcent- 
rule w, “multiply by the rate per cent aiul divide bv HHl. 

A second rule w to e-xproas the per eent decimally. lVr<'emage a.s n 
topic does not apjiear. Practice, prtiportion, and fellowship follow 
interest, commisaion aiul brokeragt*, stocks, and insurance. Uter. 
texes, ^nking. and -loss and gain are given. The problems nntier 
>1088 and gatin an* to be solvwl by proportion, the rule of tliree. 

In the edition of 1857 all the mental problMtis'arc omitted ex.>ept 
tho* preceding fractions which are given under the head. " Kxample. 
to be performed by analysis.’’ The ti'xl l»eginH with a list of.defiiii 
tiona and axioms. CanceHation is made a topic and is jimr*-. used 
Longitude and time is introduced. Fractions an' introduced bv » 
wvcuon called, “Propertus. of numbers.” Hfis contains factoring, 
greeteet common divinor, and least common multiple. Ratio and 
proportion precedea percentap> and ita applications, although it dws 
not appw that the toupil is expected to make use of proportion in 
wdlVing the pniblemiTof })ercentage. The treatment of iierccntaiv 
'yWW tte application is Very similar to that in the l8.'i>edition of Rav s 
waotical Arithmetic. It is abstract and formal, aiie p«>r cent 
(%) 13 not ub<k 1 . 

m probl^ in pmcikal ariihn^ic.-ln tlu- texts of the ciphering 
pen^ tile major portion of the spatw was given to the rule of 
, throe, oxdmngo, practice, etc. With the spread of the use of Federal 
‘toowy, 'practice and exchange were practically eliminated. The rule 
rtf three wn mimmiaed. On the other hand, “practical” problems 
«wro given as applications for the fundamental operations.' Rav 
gives 24 abotracit and 12 “practical” problems in addition,^d ap- 
proximately this ratio is maintained. ^ ^ 

_ WOrf “practical" is uoekl advisedly. Among tW we in- * 
«iti4ed ittddr 'the head “pracUcal” are some of the toWef^g: 

- inmoh coiamaltM^M tinai. e*ch coniniiii^, ah 
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roMfjuttiD i«t««itfmur 'iM^inrica. 

10 w^, ftfid in tii«M 10 «wdi, fiMw ti«, «t «n iiTat«g«,'47 hwten. H«quind th« 
Dumbor of Udm, word*, uid letl«i», conUined In tb« entire vort. 

The entire <)uantity of tee sold by the Eiat Indie Compeny in )79» wm 24,8S3,S0a 
I»^ode; bow many cheete, eecb conUinieg 87 pounds, would tliia quantity fill? ' 

This type of pivWems was not original with Ray, as such proWotna 
are found in much earlier texts. However, during this pcno<l they 
iHvaine more prevalent. Occasionally an author exhihileti extmne 
Iciidenciea. Vor instance in the Franklin Arithinelic, 1S.12, auch 
prohlenis aa the following are fotitni : 

How many letteroln the wi*d .Smith? 

In eqjhleon hundmi and tbirlT-one. 1 19 iieraiirai died of dninkennem in New York 
aiid 157 in Philadelphia; bow many in txah? 

Take E from the word HOPK, and bow many h itera would be lefi? and what would 
it then? 

Pour rivoro thmugli the K^<*n o/ ^:i^en, ami tuw ihmu^h Uahylon, how uumv 
Uitin* run thn>U|tli K*1 «m» than Hihylun? 

The Hallimoie railroad can. run 12 n.i!« an l.m.r; What i> f.«ire..vembi.‘of iiT 
-K human Uxly. if baktai until all moiMun* is evajHiralod. is n<liiced in weight sa 
1 u. JO; a b.aiy that weighs 100 pounds Uviiqf wiil weigh bow much when dry? 

In an arithmetic by Horace Mann and Pitney E. Chaw., published 
in IRMl. this type of problem was made a feature. Tho idea was 
conceived by Mr. Mann, allhotigh to Mr. Chase is due mast of the 
credit for its exiwntion. In the ptx'ftce of Arithmetic Practically 
Ajipliwl, Msnn sols forth hb idea,s as follows: 

n<diL<rii.g the idea of (he «-v.rk to be original, I will attempt ita elucidation In 
las-king fur the elements w malcriala of its quewtiona, it proposes to take a surrey of 
all the truthn of erienoe, and to make a nelertiun born ea*'h de|MHment of whaterer 
omy 1 r. m.»i inlenMting amt valuable It d.ma not oonOm. itself to Uie pUylbijige of 
Uie mir»“ry, or to the cumniodiUee of Uie market place, and to the money they will 
(s«<t, or make, or lew. On tho contrary, the pgiisent work propones to carry (he student 
over the w ide ..xiuinse of domestic and stw UI omplojnnento; to intoxiuce him to the 
vaiimw departments of human knowledge si> far as that knowledge has been con- 
densed into tallies, or eiliihited in arilhmisicaj summaries, and to make Him ac- 
.(iiaiiilisi with many of the must wondert.il results whir-b maUiematicaJ ai-ienre has 
n veakal. Instead of groping along tin' uiole-jialli of an iyitsome routine, with liuie 
other change tliaii from dollars and cents to |>ounds and irenc*., or i»ma other familiar 
curponcy, ami with little other variety than from cloth to corn, or some other common- 
piaoe emmodity , it deri\ t* its e^plea from biography, geography, chroimkgy, and 
history; from educational, financial, conunun iai, and civil statistics; from the laws of 
light and electricity, of sonml and moa<>D, of obomistry and astronomy, and otheni of 
the exact wieiic*. Tiwdes, handicrafts, and whatever pertains to the useful arU, so 
far as they are the subject of numerical slalemoiil, and their freU pomms arithmetical 
felstions, together with all the ascortained and determinato results pf economical eg 
* political knowledge, and of scientific discoveries, sre laid under contribution, and 
are made Uvaupply appropriato elements for the questions on which the youthhtl 
leanermay enreise his arithmetical facuUlM. 

Two advantage are mentioned Tvhich Mann says ‘"seem to me 
onquostjohable: ” 

1. The pupil,.while studying arithmetic for its own sake, wiU acquire tome ksowb 
•dge q( many oUiar tlimgs. 
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2. Thd work wiU ippoftl to xuofo tecultios of t|ie niind, hence afford opportu- 
nity for alternate viae. . » 

Greenwood says of the book: 

'^e mformation compoeiDg the problems is drawn from at least a hundred sources. 
It isTiighly instructive as well as eminently practical. A good title to the book 
would be ‘‘Ueefuland Scientific Information Treated Arithmetically.’* A revise<r^ 
edition ou^t to be in the bands of every teacher. It has never been properly appre- 
ciated, and few copies are in existencei even the publishers do not have a copy.^ 

XhrganizoHon. — In the internal arrangement many of the texts in 
the^active period explicitly professed to be upon the inductive plan, 
and we have shown that the authors did build upon this plan with 
some degree of understanding of the mental process involved in 
- induction. But it appears that about the middle of the century thw 
understanding of the inductive plan faded or became overshadowed 
by philosophical consideratioas. 

In the Practical Arithmetic of 1857 Ray says that the “inductive 
and analytic methods’' are adopted. "IVo paragraphs later he 
states that “the arrangement is strictly philosophical; no principle 
is anticipated; the pupil is never required to perform any^operktion 
until the principle on which it is founded has first been explained.” 
This a contradiction, because induction and what he defines as 
the “piftlosophical arrangement” are fundamentally opposed. The 
text itself exhibits both plans of organizatioir, but the spirit of the 
text is more in accord with the latter. In 1877 there is no relerence 
to the “inductive and analytic methods.” Ray’s text does not rep- 
resent an extreme in respect to this trait. Davies, Greenleaf, Brooks, 
Robinson, and others are ihore pronouncedly “philosophical.” 

Higher arithmetic. —The higlier arithmetics were simply an ad vanced 
treatise on the general plan of the practical arithmetics. All topics 
were included from notation and numeration and the fundamental 
operations for integers to involution and evolution and series. The 
topics were not introduced by a few questions to be answered orally. 
Tile organization was strictly logical, first such definitions as were 
necessary, then the rule followed by abstract exercises, and finally 
practical problems. The subject was looked upon throughout the 
text primarily as a science. Emphasis was placed upon “clearer 
definitions, more rigid analyses, and briefer and more accurate rules.” 
These features represent the.prime merit of not only the higher arith- 
metics, but of the practical arithmetics ^ we)!. This is undoubtedly 
one of the main reasons for the long and extensive use of such texts 
in our schools. ' 

Colburn^ $ vajluence upon the texthooJce of thia period. —Primary texts, 
Mnmtsl arithmetic,^’ theusk of objective materials, and the induc- 
tive method were the most significant features of the arithmetics of 
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the penod. The authors of some of the texts were acquainted i^Nih 
PMtalozzi’s system of arithmetic and his educational principles, but 
it is probable that all were acquainted with Colburn’s texts, particu- 
larly the First Lessons, and the interest in Pestalozzi’s system of 
arithmetic was due in a large measure to the popularity of this text. 
T he primary texts were patterned after the Fust Lessons j the ”men- 
tal arithmetics” followed it very closely; and the inductive method, 
before it w^ formali^, was very similar to that in Colburn’s texts. 
The objective materials were changed only by the omission of the 
Pestalozzian tables and by adding pictures. Thus, much is due to 
Warren Colburn for stimulating and directing the development of 
American textbooks on arithmetic during this period. 
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Chapter 1X« 

TEACHING ARITHMETIC BY DEVICES AND DRILL. 






The introduction of mental ari^thmetic, the concept of mental dis- 
cipline as the funotioii of arithmetic, the teaching of arithmetic to 
young children, the ideal of skill and thoroughness, the very great 
increase^ in the number of pupils studying arithmetic, and other 
changes necessitated modifications in the methods of teaching arith- 
metic. These modifications are described under the following heads. 

Class instruction— In view of the fact that in the ciphering bot)k 
method, the individual contact between the teacher and pupil was 
for examining the pupil’s work and telling him whether it was right 
or wrong, and not for instructing the pupil, much time was wasted. 
Before 1821, the monitorial system of instruction had been applied to 
arithmetic, and after this date class instruction in arithmetic was the 
rule. This was probably because it was more economical, J)ut some 
teachers believed that in a group su[>erior instruction was possible. 
For example, Ray says: ‘‘Pupils study best in classes; it is abnost as 
easy for a teacher to instruct 15 pupils in a class, as 1 alone.”* 

For a teacher to handle a group of pupils successfully, some tech- 
nique was necessary, and much attention was given to this phase 
of teaching during this period. What was written on the teaching 
of arithmetic was confined almost wholly to the elaboration of tli(* 
technique of class instruction. The-foUowin^ report of the 
Monitorial School gives a good description of one‘ type of class dn- 
struction. 

The next exerciae ie arithmetic. I have already said that even the youngeet is 
taught to eount and p^orm aimple operations with beans, her fingers, and such aids. 
Soon 8 little mental arithmetic is inti^ need; but, as the excellent little work of Col- 
burn is too difficult for such small children, manuBc^ript questions prepared by the 
instructor are used. Next, Ck)lbum’s First Lessons are studied; and about the same 
time, written arithmetic is gradually introduced. This, however, is for the prwiit 
completely subordinate to the intelloctual. The monitors of arithmetic recite to the 
master, and then disperse to their stations to act as monitors. Their classes form 
around them; and the lesson which has been previously set is recited. If any ex- 
planations are necessary, the monitor, who has gone over the ground before, explains; 
but if she is at a Ion, she applies directly to the master. In this way, the little classes 
get a great deal of practice, and the monitor reviews her studies. For the sake of 
yatiety, they then take slates an4 eij^er. The monitor dictates sums verbally, and 

K«r to Pnoctoil Afithmetie, p. 177. 
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(he children are taught to write amounU trom dictaUon. They ate never alloweTto 
ropy eumg, and consequently must acquire a knowledge of numemtion, as useful as 
It IS uncommon In addition the highest adds the ftret column aloud and tells the 
next what to set -lown and what to carry; the next takes the second column, and do« 
Uio same. Anyone who corrects another goes above her, as in spelling or reading: 
and, as ^1 must aid in doing the sum, the atteqUon of all is secured. It is 
suhtracUon, and all the otherrules. The hipest scholars ctpUkr in Colburn’s Sequel, 
amJ record their operations in a manuerript.* 

The monitorial plan of grohp instruction was not generally adopted, 
Kay describee tlie practice of about 1840 as follows: 

\^en pracUcable, the pupils should be atTanged in cJasses, due regard being had - 
to their ^ acquirements, etc. After fhis, the proceeding in the beet schwls, is 
somewhat ae follows; 

A certain number of examples is arranged as a lesson; it will, also, frequently be 
nec,^ that a p.wt. or even the whole, of the lesson shall ronsist of the .Ulustration 
of pnnciplos, or the memorising of definitions or rules. WTion Ihe claw mesto for 
n-cita^n, .each pupil p««es his slate into the hands of the pupil next above him 
except the pupil at the head, who pemes his to the foot scholar. The teacher then 
re s the answer to the first queetion, while each pupil examinee the slaite he holds 

!■ see If the answer IS correct and properly obtained. 

In adflirion to rea^ng the answer, the teacher, in many casee, such, for example, . 
as pro^rUon, should state the general method of working the question. The pupils 
mark the answers that aro wrong, or obtained improperly. In the same iflan^- 
rach qu^Uon IS examined and marked.- Instead of the teacher reading the answers 
the pupils in flurceswoD may road them. ^ 

When there is a blackboard (and there should be one in every schoolroom, 4 or 6 
feet wide, and as long as the room will permit), each pupil should be required to work 
mil one or mor^f the exynplos, and give the reasons lor performing the operation. 
The ume requir^ to examine the quesUonsisgenerally short , while the habit of closely 
BcruUninng each other’s work, improves the perceptive faculties of the pupils.* 

William B. Fowle was the author of an arithmetic and for a nuni- 
her of yeare was an instructor in toachor’s institutes in Massachusetts 
and New 'iork. In the Teacher’^ ImtUvie ho disr-ussos the teaching 
of the common branches. The following '’methods” o^ teaching 
addition an< interesting as well aslypical; 

When the cl.hdren are ciphering on the blackboard, there are various ways of 
keeping them at work. I will try to describe a few of them. Suppose the clam 
. onsisto of s«, and the exercise to be in.additiou. I first dicUto one line of a sum 
to each pupil, as follows: 

3 , 746 , 389 , 467 

7 , 680 , 895 , 089 

8 , 070 , 688 , 496 ' 

9 , 009 , 900 , 090 

7 , 608 , 786 , 687 

8 , 687 , 768 , 686 

616 

263 

-^e pupils st^ in a mmicircle around the board, the teacher or monitor standing 
on the left, the head of the clan beiiig always on the right. 

^ , * Amer. Jour, of Kdoc., 1836, 1:«. 

* to t'raottoal Antfaaetie, t>. a. 
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Let the firrt child begin, and nay aloud.* “6 and 7 are U,” I>>t the next child 
•ay, and 6 are 19;” and Uie next, "and 9 are 28;” and the next, "and 7 are 35 ” 
The next aeto down 5, and if the chilaren are very young, he eete a eaiall 3 under the 
6^ a guide to the next, who says, ”3 tons carried to 8 ten* make 11 ,” Then head 
begina again, and Bays, ”11 end 8 are 19;” the next says, “and 9 are 28;” the next 
“and 9 are 37; ’ the next, "and 8 are 45;” the next, "and 6 are 61;” the next sets 
do^ 1 in the tens place, and put^ a 5 under it. The next says, ”5 luindriyls carricl 
tp 6 hundr^ make 11 hundred-:” the next says, “and 6 are 17,” and so on until 
tae sum la 6iuflhed.‘ 

This “method” is given several variations. Pupils may bo called 
upon “promiscuously.” Or each pupil may add a column silcniiv 
and pl^e the result upon the board. The next is hold responsible 
when the sum is not cormct. 

, Th^ “methods” are simply types of technitpie for e(Tec,tivelv 
focusing the attention of the class and arousing interest in the work 
No' fundamental principles of teaching are stated, but these specidc 
nJes for carrying on the classroom work are typical of the method 
of teachmg during this'period. Objective and examinable result^ 
were desired, and devices which would give these, and would secure 
attention, were accordingly exalted as methods of teaching. 

In teaching mental arithmetic a procedure was adopted for the 
purpose of forcing the continuous attention of the claas. As in the 
case.of written arithmetic, the plan was an artificial device. Stod- 
dard gives in his Methods of Teaching the following “methods:” 

Fir$t method. 

The te^hw reade the problems and calls upon the different members of the class 
^im^ously. Each pupil yarned arises, repeals, and analvxes the problem ■ 
Metnb^ of the class who have discovered mistakes, or who take exception to Urn 
method of analysis, raise their hands, and the teacher designatas some ono of them 
to make the necessary correction, or he makes it himself. 

Modifications of the above method; * 

1. Call upon different pupils to solve different partsof thesame problem, each as h.‘ 

M nam^ bei^ r^uued to proceed with the analysis wheje the pupil who has just 
t^^.hiB seat left it. This method furnishes an opportunity for “stirrinir up ’* or 
JOKPfing the memory of the inattentive. i • 

2. The pupil deaignided to analyze a problem arises, repeats it, and names another 
to solve it. 

Second method. 

•ae teacher reads a problem, the class solves it in silence, and as rapidly as possil,!..- 
msee the hand on obtaining the result. 

teacher, if he wishes a Himultaneous answer, says 
Waas, and aU who can pronounce the result together. Or be names a pupil, who 
ansea, gives the result, and solves the problem. * 

Third method. 

MBigns a problem to each member, or a part of the membere, 
etthe class without waiting for a polution. He then calls upon pupils promiscuously 
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This method is good discipline /or the memon’ 

Fourth method. 

Two pupils are (leeignAted as chie/s. ^nd crhooee alternately from ainoug the other 

,7 7 " “ 

nal of Rk.ll, Tl,e loa<'hor kivoa out problorns altomately and nmrka tho failures or 
0 niim er o (luestioiu whirli each aide solves rorrcctly, and at tlie close of the 
h^.,^vee the r^ulf. Or he causes each pupil that fails to take hi. seat, and !ho 

rlc^ ,ri^I.I“^"' 'h« >«»on is pra- 

V .l/ofu'a.f'wn.—Tlie pltm for s(>ouriiig motive wliich is offered by the 
writer Off the U-nclung of aritlmuaic, whom* we have quoted on the 
preceding pages, i« by appeal to artificial incentives. The pupil 
attended to the example in addition because, if he did not, he knL. 
ns failure to attend woi^d bo immediately discovered by both hk 
classmates and the teacher. Being thus caught in the act, the 
ptniUty followed, a lowering of his rank in class, a reprimand by tho 
teacher, or a severe punishment. Or the piipilVished to secur^he 
approbation of his teacher or parents. Knowing the shoftcohBte 
of Ins clas.smates ho uttendcfl in order that he might profit by 
failures. As soon as the pupil reciting faltered or made an error he 
was ready to take np the solution of tho problem and receive his 
reward in the approval of the teacher or in tho anticipation of the 
. reception w'hich woukj he given at home to his report card. Or per- 
haps Ins reward came from the superior position which he had attained 
in the class. In putting one division of tho class against the other 
the instinct of emulation was appealed to. Or where the class was 
sninll-the contest wa<rhetween the individual pupils. There was an 
appeal to the pupil's pride when h<j knew his work was to be examined 
ftrui marked l>y another pupil. 

Motive was secured in other ways. Tho puzMo tj-po of problem 
J^inulated the pupil's curiosity. Some problems were practical. ■ 
Hie primai7 work and the rapid drill were immediately interesting 
to many. But these ways of securing motive were, for the most 
part, used unconsciously. Wlien a teacher wrote of how attention 
was secured these phases of motive were mentioned only irtcidentaUy ’ 
or not at all. OeeasionaUy. hut usuuUy in respect to other school 

subjects, motive by conflict of ideas was mentioned. David P Page 

in a tex^n Theory and Practice of Teaching, gives a ligt of good'iricen - 
^ives. They are: (1) Desire of the approval of parents and teachers: 
v2) desire of advancement; (3J dasiro to be useful; (4) desire.to do^ 

nght; (5) natural love ifi the child for acquisition and a natural 
desire to know. 

J J 
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"nie idea ^d prwtice of secu^, motive in this period Vaa chara<'- 
t^zed by there being no intrinsic relation between the purpose which 
the pupil recognized and the subject matter studied. 

ProUms solved according to a /omtda.-lR mental arithnietic 
which was wnsidered to be especially suitable for developing tlio 
reaaomng, i^e solution was accomplished by applying A syllovistic 
formula Ray says i. Hints to Tcacher^. InteUcctual Arithmetir 
(copyright 1860): ■' . ' . 

^n 7!!?'°^! 7 ‘'"TT •’* arithmetic now m,., h need is the following 

c^ed the rour-«tep method; '* 

Illuetrations -^Vit ^/cp, Jamee gave 7 .-eirte for a()plti and 8* cents for peaohee 

mrdMrr, 7 ^ntfl and 8 cent-, arc 15 cents. Fourth ,Up, hence, if James gave 7 dnls 
for applee and 8 cente for peachee he spent 15 rente. 

Aguii. Finl sle- 4-fifths of 25 are how many times 6? ' Sreond sirp, as many time, 
8 m a IS contmned toes in 4-fifU.s of 26. Third ,Up, 1-fifth of 25 is 5, 4.fifths are 4 
Umes 6. which are 20; 6 in 20 is contained 3 and 2-8iilh8 times. Fourth »ln> there 
fore, 4-fifthfl of 25 aro 3 and 2Haxthg Urae« 0. ' 

Some writere insisted that these forms of aiialjsis were tti be cotn- 
mtted to memory. In the following quotation the author believes 
that a verbatim memorizing of the forms of analysis will make tlie 
pupils all the ]>ettor reasoners; ' , * 

After the pupils are familiar with tlie process and have re< eivod sufh. io'nt dnll 
tlw should he taught to a^Iyre problems. Tlie lea, her sliould see that the aimIvJl 
IS thoroughly ui^.toorl a^^natrly reciud. They sliould lie retpiire,! to write oul 
OTan^ysU Md^o pupil that presents the most timpU and conme analysis shfml.l' 
It on the Wd. subject to the criticism of the class. See that the'language is 
ujed correctly; that.t tel^ ‘[truOt, Ih, whoU truth, aruiv-‘hir^ hut the tnah ^ Tow 
reqmre every member of the cla.^ to commit the analysis verbativi as he woul.U 
demonstraUoii m Euclid-for exiierienco teaches that those pupils^ho are critlllh 
close in committing verteum the demonstrations in geometry make bv far more 

oocarolsreaeoneiB and ready mathematicians.’ . 

When the pupil was furnished with a stereotyped fonii for the 
solution of every problem all opportunity for reasoning was elimi- 
nated except such sc there might be in identifying the particular 
problem with the appropriate formula. Therefore the tv-pes of 
problems were mixed, to form promismious and misceUoneoTs lists 
of problema. Brooks says: 

It will be frot^iently noticed that, after beginning the les^n with the tniical 
problem, aw made both in the conditions of the question and in meir 

applicaUon to other objects than those named in Uie original problem -This is done 
to.give variety to the exercises and to afford discipline to the pupil. 

As^ng the pMpiZ.— The assistance which the teacher jwuloretf the 
pu^ consisted mainly in holding him .to certain fixed standards, in 
^ng upon what was considered fundamental, and in explaining 
^cult operations and problems. Little effort was made to assist 
the pupil to thmk. Developing a process or topic was not consciously 

I>* Otma, Th« (M w hy tm Ootde, W77. 
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attempted. Tho explanations by the teacher were simply told to the 
pupil. Wliother the pupil understood tbe explanation or not, he was 
expected to remember it. If the difficulty was sufficiently important, 
the pupil was drilled upon the manner of overcomn. " it. In this 
way the learning was larj^dy by conscious imitation, Wi h sufficient 
roiH'tition by the pupil to fix the subject, matter in the nind. It 
seems to have been na'ognized that exprt^ion assisted i., making 
the impression. The prominence given to the explanations in class 
hv pupils was in part due to this belief. 

Dednriw viethod,—\S have seen how the texts of this period 
became deductive in form after 1857, Tho instruction followed 
the texts closely. The ‘ rule ’ >vas again emphasized. If the pupil 
was able to subsume a problem under a knowm rule, the rule could 
t 4 ^e care of the answer. A report of the inv(>stigation of schools 
in Connecticut, in 1887-88, contains the following comment upon 
the attitude of the pupil toward the rule: 

Tlio e.U‘ihtxi in arithmetic in illiiiit rated by the courw^ which mo^t children wilt take 
after lon^ in.^tnK’Mon in Kncli ncIukiIh. . If they are piven a pmhlem of one or two atepn. 

mil first srr u'hit ru I r it mm rs unrirr. If it doe^< not come tOiderany rule with which 
ilicy are familiar, they will take a hixik and f»ee if they can tind an example like it. 

Lf they fail in this aear-.di. they then hi^in to cipher at, random, multiplying and 
divniinp in the hopH> that it may turn otit right,' 

I he rules were not developed as (’olhurn did in his texts. The 
[uipil was scarcely allowed to make a hypothesis when a new type 
"f proidem wa.s reached, and to work out a olution of his own. 
Insteail the rule was given to him ready math*. 

Ohjectu'c it'achhuj,—T\w use of ohjtvtive nmterfals. beans, grains of 
corn, pieces of crayon, etc., is recommended hy May for the younger 
pu[)ils. He also describes \vhnt he terms '* arithmometer,'’ an instru- 
menl for representing ohjectively the number facts of tlie four opera- 
tions. However, he cautions against “frequent use of artificial aids,*' 
for it “tends to prevent tiie pupil from exercising his own intellectual 
powers, and thus, if carrii*d too far, is productive of positive injury, ’’ 
In an edition of Greenlenf’s primary book he says: 

Tho Kirst Loflsons in Nnmbom has btvn proparwl in tho btdief that, tho r.hjoctivo 
prtwnta^ion of nmnhorfl is he^t auitod to the comprohomdon of tho child. Tho teacher 
who U8(vt thin b(K)k in expecUnl to make constant mho of counter, MtK'kH, or other vi^iblo 
nhpH'fe, that from tho outaot the cdiild may havo correc t, idoae nf nuinbiTP. The 
» "pn>U8 iiluHtratioiifl found throughout tho hook are intondisl aa aids in IhtH dirw'tion. 

Ohe wTiter on the. teaching of arithmetic (1877) says: “Construct 
the addition tables at first by the use of ohjinns.” He advises the 
'same. plan for multiplication. Illustrations in the form of cuts 
became a feature of the primary arithmetics, but I have found none 
as profusely illustrated a.^ Emerson’s Part First. A few illustrations 
are found in tho ‘Tnental” and the '‘practical’' arithmetics, but 
usually only f or elucidating a topic of peculiar difficulty. 


Connecticut School Documents, No. VII, p. 224. 
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1 

The second Postalozzian inoveniont in the I lut od States, usurtllv 
known as the movement, emphasized almost exohisi *<*ly 

ohjivtive teaching.. This movement, which dates fnnn 1860. a'|ipcm>> 
to have had hut little direct inlluencoupon the teachin^of arithnuMn . 
There was only a slight incroaso in the use of objective materials in 
arithmetic after 1860. 

PrilL — havt* already shown that skill and thormij^lmi'v.; u 
were eiuplnusi/.rd as t*nds to he attaint'd. They W(*rt' to ht* secnrtNl 
hy drill. Tht'^^t^ ^mals of instruction wtTO pivtMi increased import tuirr 
in the lattt*r part of this period. Drill devict's and drill t^ards wnv 
piven hy n number of authors. Drill to make ctTtain parts of ilu* 
subject maUer nu'chamcal wius insisted upon. l)t' (IralT, in 'llu' 
Schoolroom (luide, 1877. snvs: 

The teacher Hliould **»v that the Uhlef^ are thon*uphIy ronuiiitto<i memnrv l>\ 
rtMCJirinf? pupils to rt^ ite them hat'kwani and forward ri'^niUrly and im‘pularl\ 
Kxcite emulation amonp niemi>er.‘» of the rlasit In rt^^rd to llte imN lmnieal ex(H Uti<'n 
of the work. he<*auHe earelew liahitJi fornuni will t'ver he a aoiirce of anm*yunet' to li.jth 
teacher apd pupil.' 

In Felter’s Primary Arithmetic the teacher is advistni: 

In order to soc'irt-e thoroujjhne.sf'. ^dve ahort h’H^»out* and pja-nd imn'h time in d;olv 
review'. If in the exen'i.s*' of ’ foun<.’' do not pntcet^i until everything that ]>roi 
ifl ae familiar .'u'^ the a Iphaliet . If it riMpiinsi one rnontli. take it; if on/' the titiu* 
can not be better rjx-nt Never allow a piipd who, hnhifnally. mi.ss(\‘5 o\ (*r I'» por » . m 
of the given exercint* to remain in the ehtHP, 

Some n jittrtft npon thr it'achimj oj nrithmnic , — In 1SS7-SS n ('omniii- 
tee reported upon t lie condition of stdiools in N(*w Ixmdon (’ountv, 
Tonn. The report was hnsiHi upon tests and visitation. In n^spcei 
U) arithmetic iluyv say in (>art : ^ 

IVrhaiw a halMiozen mdioola (aught elementary arithmetic hy f^y.-^teniatieHl'v dt \<’l- 
oping imniher, hut almost, invariahiy the teacher unnwenMl the fpie^tion a.'^ I<* wimt 
methixi w'art um*<l hy the Ptt'rt'fUyptMt phra**M' “fnllow* the hook,” and thi.*j wan literul’v 
true not only for elementary hut foradvanet^l elaapep. 

Monthfl and terniP an> spent, in counting, learning to wTite mdioard-<d imml"T^. 
hawding the multipliiatii'n and perhaps other tahleo. No sysnunatie development ot 
number in thought of. No < on('reto examples, except the few* in a small iMx.k are 
given. No thorough drill in attempted. No rapid handling of niimhera, no accunn y 

• with tigurofl. no training of the roaaoii, is the result. .Mo«t flo-(*aIled mental exampli*« 
have been carefully studied before the re<'itation. Definition and rule>< will he 
rept'ated fluently, and yet the pupil is unable to perform flirnple oxainple^t invoivitii; 
one or two stepa of reaetining. One or two ilh otrations are pertinent 

A boy over 10 years (tf ago waa being taught to count one hnridrtxl, l>ui eouM 
not tell the sum of two and two. The tea< her gave a« the rea«m hrr teaching him 
thus to ('ount, before he co' ld a^^d, that “when he received change at the ston* In- 
cf.uld count it.” 

Tn another school, a claas of three gave with great fluency the definition of ‘'units.” 
“arithmetic/’ “counting,” “scale,” “counting o*T,” “grotip,” etf*. They read num- 
bers up to sextillions, but could not tell ho*./ many fours there wore in 16. The 
teacher said that they had never done anything in multiplication or division. Thtw 

* z' 
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iliijtlron haii Ihmmi in al>nut four yoArp It i8 not to '>>r tton<if>ro«i ai. ihnn 

thru undor HUrh unnaiurHl molhtvio many ohiltiron aitorui aoWl w*von smi right 
y.-ars wittiou.t rt‘Aching jvro(>nlj^u» atui appiiraiionf* t<i intrroM ' 

A ini^n^ rlah(kntt(‘ m vt‘>i i^at ion was matlo of tho srhonis of ,Nt*w 
ll.'.v.'ii r, Minty, ('mm., in l.s'l()-')l. The .■ommilhm (Vm. nmi...|' If , 7 

■ li'lncls. Ihi'v Mini ii|> ihfir njiinimw with n‘>|>i‘ct to nrillimcl ic in 

I llii" ■ 

\ riiluiifii.' tliDf* a ^ irma* of (iillirtill iri(!.-s aini iuirioiU*- ff'.-I.'ri.‘H p.v u 

Ij.ir i-> . ..inmoii Ihh.Im. anti rrinark:it>ir .hirOy t..r to 

ah’. iiMi'lul iuir|MiMv 

III iiiiolliiT nlncc limy ^'ivn ii il(‘MTi|Mimi of llm ncliml net ivil ii-s of 
ihr Mlioolrooin wliich is illnmiiiiil iiig nm mik ns to coiitciii. Inil to 
and motlu'd jis wollr ^ 

111 Miany -iistrin.-* tho main thing in arithmoti,’ in tin- linlml uu'.r< ]n oiu* srh.^il 
il..' ar>t riuH'. \va^:.^)mMiom^■l (u^ follows "Sik'H rtriihmoti.' ” 'Wh'at is ariilimrlif ’" 

A'h.o )s H.-mim imnuion What is a tigurr'; - an.i so .ui .luring tho roritation 
I-tiihIs Tin* (iotiniiTniis must ho word fur word ao in tho t>ook. 

Tho answor to tho .ju.vtion. •How is a fmolion oxjirt^Nl’’*’ waAgivon ’hy writing 
>M,.. mimhor ahovo tho oiltor/' This wa.-^ imim><iiatoly rorr^N t.^l lo- tho toarhor to 

■ li> ]da> ing mio niimhor alKivo tho othor.“ \ 

Uliil.' ilii'si' snnnys \vori‘ mmlt> with smnn ciiro, limy civon'd onlv 
n w'ry liniilinl jirmi, Fm- this n'lison it is Ihi/.nnhnis i(i ,ir„\v pmoriil- 
i/:iiuins. Imt olluT i-viih-nri' iiul icntcs tlmt -.Im cmnlilimis (h'scrilmd 
in ilmsi> n'porls arc. I'ypinil of inimli of ilm insi ni.'l imi in arillinmiic 
III this liini', Howov.t, nlmii wo conipnn' llio insinmlion in ariili- 
iii.im diinii}: this poriod with that of ilm' ciplmrinc-hook )mriod. 
pniymoss is showni. Tlmro is an onlarjj.'d (■oim(‘]K of the fniu'tion of 
ilm It'iiclmr, and if wo inko into iicconnt llnit at thi;; tinm iirithnmiic 
w:m 11 ‘■■■mpiirod '■ siihjoci and, not an '• oloct i vo, ' it i> pn.l.ahlc ihiil 
tlio rt'snit'; st'otirt^d WtTo snp(*rior. 

inthuncr. npim ihf Icachhuj of ariihuutk.~\ ooinpiiri- 
snii of ( ollnini s iiK'thod of toaohiiij' aiilhnmlic with tin' jiractiro 
diimio this |,(Tiod rovcals ihiil ho inlhioncod ho icaohing of (ho snh- 
ji'i t inimh los,s than lio did tho toxts. 'J'ho nso of ohjooiivo iiinlorials 
and tho oral instniolion wliicli inontal arillunotio mado nocmssary 
inny bo attritniiod to liim. 

lie ndvooati.' .lass instrimtion and disrn.ssod its tochnicpio in his 
addross on tho "Toaohinjj of arithmotic," hut it is doulitfnl. if (ho 
adoption of this phin of instruction wnis duo to his advocacy of it. 
Oiitsido of thoso features, which woro a rosiult, of his texts rather tlnin 
his |irosontati(iii of (ho method of leaching arithmetic, (hero is little 
trace of ColhunFs influence. This condition is easily explained by 
the fact that a method of teaching is much less tangible than the 
form of a textbook. Also, in the milking of texts there are few jter- 
soiis eamcemed, as c.fmpared with the mjmher of teachers. 

> Connecticut School Documents, No. VII, p. 117, ^ * Idem, No. XVI, p. ». ' 
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PART IV, 


Chapter X. 

RnCENT TENDENCIES AND DEVELOPMENTS. 

The dovolopmont of arithmotic sinco 1802 has !)oon nion' inii- 
matoly connect ( h 1 with the general wlucational developineHt than 
it was during the period beginning with 1821. An attack upon tlie 
importance of the disciplinary fimetion of arithmetic gnnv out (tf 
two more giuieral movements. 

The Herhartian movlmeni , — Beginning about 1800, American (mIu- 
cAtors wore greatly interested in the educational principles enun- 
ciated by Herbart, a German educator who lived from 1776-lS-U. 
Some of the important events in the rise of this movement were; 
Tlie publication of educational books on Herbartian princinlrs; 
Essentials of Method, by Charles Do Garmo, 1889; General Metno^l, 
by Charles McMurry, 1892; The Method of tlie He(’.itiition^ hv 
Frank McMurry and Charles McMurry, 1897; and the fonnatiim 
of a national. Herbartian society in 1892. The principle of apper- 
ception, which is one of the most important aebrodited to Ilerhart, 
^'aa emphasized by his followers in America. -Briefly the prihciplo 
is this: * New experiences are given meaning and interpreted !>y 
means of the ideas which one has obtained from his past experiein’o 
and which are present in his consciousness at the time. This 
principle^, cx)upled with tierbart’s concept of the immediate end of 
education as the development of a '^many-sided interest," means 
that education is to give the child (1) a “many^ide" acquaintance 
with the exk^pal world, and (2) to give this acquaintance in such 
a way that it will be accompanied by an active “interest" in each 
“side" of this experience. The child will then be equipped meet 
new situations as they arise. 

This theory, which places the emphasis upon the content of a 
subject, is fundamentally opposed to the disciplinary concept of edu- 
cation, and the wave of enthusiastic interest in the work of Horbart 
which swept over the United States did much to counteract the great 
emphasis upon the disciplinary function of instruction in arithmetic. 
The Herbartians emphasiised history and literature as sul^jects in 
" the elementary school, and by so doing were a factor in reducing 
the ainoimt of time given to arithmetio. 
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7'A/ psyckologkal mmiement.—ln his “Principles of Psychology/' 
^ 181)0, William James stated that one’s native ability to retain can 

not bo cJiacgod/ which moaus that a general capacity to rememlH^r 
ran not be trained by specific exercisce. Tliis assertion, which 
Wrts “sup}H)rted by some plausible exponmental evidenoo" was 
cxi(*nded by other educators to a complete refutation of the theory 
of formal discipline as thou interpreUnl.* 

Tfi^ reaction a^iinsi the diacipliruiry value of arithmetic. — Couplinl 
with the^ two movements, partly as a n«ult of them, both educalon* 
and the public became more actively critical of the w^ork of the 
)>ublic sch(K»lH.* There wore n»ports of invratigatious * and more 
jr»*nenil utterances base<l upon general obst^rvations, Tlio following 
typical of this latter tyjw: 


In almost all ot the arithwotira. (yrwt come the aofinitiona, thf»n th« nili«, then a 
imvMwii with full explanation, then the prol»h»m* f9r the rhildmn to work aocoAliog 
toruh' and like the muiipK* ((iven. Ami thii i«<*all(^l dijwiplim*! (i«l wvethomarki* 
Knwn i.in^-«ixih toone-foiftth, or even one-thinl,of tli^ whole (^rhool timeof Anrerit'an 
rhil(!n*n is given to the subject of anthmetic — a subject which doeA not train a single 
one of the four faculties that it should be the fundamental ol)Jert of education to de- 
velop. It has nothing to do with obsening t'oirectly. or with rtvording accurately 
ilu‘ rtwulis of observation, or with colltvting farts and draa-ing just infervnctw theiy^ 
fmm, or with exproaang rlearly and forcibly logit'al thought.* 

In IS92 the Comiuitt^* of Ten, a commit U>e appoinlotl by tbe 
Xntiomd Eklucation .\ssociation, recognizetl the existence of a fonnal 
disciplinary value of arithmetic/ but insisted that it was “greaiiy 
inferior to \chat may bo obtained by a difTerent class of oxcrcises.’* 
Ksstuitially Uiis is a refutation of the doctrine of formal discipline as 
it had been appUed to arithmetic. 

Simon Newex^mb, who was chairman of the subcommiUt'e on 
inatlnunatics, slatotl in another place that “the main end of mathe- 
mutical Umcliing—wo might say of teaching generally— Ls to store the 
mind w^ith clear conceptions of things and their relations.’’* 

Charles A. McMurry stated that the “chief aim of arithiuotio is the 
mastery of the world on the (juantitive side througii number <‘on- 
cepts.’’®* ’ 




‘ Vol. I, p. W7. * 

* W. C. Baclay: Kduoatiooal Valuas, p, IS» ff., for a blrtorkwl wennX of Uw roacUon armliut format 
(UvipJine. 

*S«> tha prooeadlnjs of Uia .Vatlonat Eduoatlonai .Uweiation loJ lowing im for wlUdanw by uw lead lux 
aducatorsofthaoGuntry. TbwalMTa|»rti<xitarrafar«Doatoarithizietic, Uifto, p. lU; 1S81 pp. 34 SA, lOS* 
KsW, pp. 6I7» 630. . ’ * 

* Sea pp. 136-37 for tharaport ot tuvaatlgatloiu of tha teachJaf of arithmetic tn CoonecUcut. 

*0. F. Bright, ^'Changealn Beboob,’* Free, of Nat. Edna. Aaaoc., 1896 , p. 3GS, 

* Statement by Charles W. EUot, IMO. HwM by O. F. Bright, “ Cbangu in Sehoolf/* Proc. of Nat 
Educ. Aw,, 18W, p. 364. Sea abo, Cbarlas W. Eilot: Edoaatiooal fiaform, pp. 186-187, Addrem, 1800. 

* Report of Commlttea of Tdh, p. 106'. / 

* aimaii Newoomb: Uatbodaof Taaofaing Artthmatio/’ Educi^ Rev., vol. SI, pp. SSO^ia ThU point of 

▼low waaorigtnaHyagpnBaedln 1803. / 

* 8 peaiallIaUiodia^thmatic. lS 06 ,p. 16. 

/ 
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ARITHMETIC A« A SCHOOL SITURCT. 


The<40 last two staUMiients an* n*pn^S('ntativo of tli** pun* H<*rl>i:r 
tian point of view anti of the oxtn ino reartion ag'ainst tiu* iiuportani * 
of tlie diHiMplinary function of aritliinctic * 

Anihm^c a paychscal <ifui dnuamJ. -Tiio most important 

constnictivo contribution of this period was made bv Prof. Jnhn 
Dewoyd wlu>se fundamenta! thesis was that the psychical ami soci;,! 
envinmment in which wo live pn*s<*nts pnddoms which tin* imman 
mind Holvtss by mcasim*meiit, i. o.. by number ami mimher ndation- ' 
Thus number is not a pmpert> ttf obj«s‘ts, but rather it is ' the prodm t 
of the way in which tlie miml deals witli t>bj(*et,s the operatnin i*f 
making a va^rue whole definite ** The nect*ssiiy for npikm^- tln-e 
vague whohys definite grows init of the faet that (1) material thm:> 
art> “iimit4'ti;* (.>) tlmt energy nnist In* ecomum/.iai, and C-i^ that 
nmote ends must he uttaimsl. 

Dewey illustrates tlu*s<‘ r(*asons a< follows: 

( 1 ) H every lummii i ..aM a* In, all Uh- luii.i Im- n 

fVt)UI>Ie tfut luMiiie woiiia <*\or ineat-^urv lan.i with nuUiem;oira.I exitrtiut^ 'Hu r,* 
might le, of t'our«t*--Crui*i^* like- a rni,le ,^t<iudU*uf tfie quantity rtHjmmi t. r 
given purjHna\ but tlicru noultl n«) Uelinite iiuun^rii ti} \alutuion la m 

ftHM . TliervwouM 1 h* no f.»r sui li tov\iru. y (nnil.i Ik-IuiU miii. ;i 

teajUe or .-arr. «ii.! m (mMiririM y h.r <^\oryU^iy, w*. Klu.uia urwT \>ut our , 

quart auvieimif*. txami ».f! ov'x's ninl |.\ tlie i).. 7^-11, ;oei mji ilw.jr o 

jKtuinf. 

litH'UUf^i* then* is a limit to human ejieivy, w) en we * nqih.v thiy ei,eiv\- h.j t. , 
atUinruem of a purix^*e, the mt»st fruitful Tirr^ult/t are atlaimsi whi;ij iheie ij ih,- i,n,v< 
a<s'urute iiuUnring of the eiier>ry o\er ayuinM tfie iJiiiiy m U- .heu' If tie* .on-w ..1 
tile mvttge is too hnnvy for lin* lx»w, ur if it it* Umi lij»ht to jm-n-e tlie xkw, of il,e 
there irfin lx>ih oaaiM a waste of energy If tiie lx>w L** so Uni k ami eluiu.ty ih;»t ;UI i ix 
•trengUi ia rv<piirtyf to U*tui it, or «) flight or uneven that Ux> little moinenlum ir cin < u 
U) the arrow, tlierc* ia but a i*amui (iliow of *<‘tion, ami tlie huvage lim* Uin laUu f.>r h.' 
paiiiff. How aii^U arrow itiutft l*e aeeurutel)' a^ljustixl to each ether in .*\j/e, fetju 
weight ; and bolb have to Ik* imjuju**! ^ as tlie muthematicun mujlti .say . nr Uda':i i-.J t.. 
Uie end in view — Uie killing tjf tlie game. • 

(3) In working out a certain pur^MtK*, for example, oneof a K-ri.y«of moans a pmniev 

U> bo undertaken; it id of a eertain huiglli . it ia t<i tsi (x>mj»!et<si m 11 guen nine a; u 
within a Ccrtajit maximum of ex|H*ii(ie, ete . und llua involw,-*! careful i uh u);itei:i 
measuruuent, and nuuicrit'al idt^ae. 

To tliia principip Dpwpy luldcMi liin nioro gpiiprul odiicafi.'iml jiriu- 
ciple that thp proct^of education Is most eUicicnlly can ied on wlicn 
tho child is placwl in tlio jiliysical and social (Mivimnnicnt. winch dc- 
inand psycliical activity.* Apjjliod to aritlunetic, tliis means th;.i 
to teach it elTiciently tlie school must jiroducc situations winch call 
for measurenient an’d tlie relating of (juantities. According to iln- 
thesis the immediate purpose of the author of a te.xt and of the ti'acli. r 

< For the other ext mii6 wi« p. a*l. « 

» iamM A. Mcl^tan and John Dewey: The fyiychtdcf)* of Number iflM. 
•Op.cit.,pp.24,82, »fl. 

<Op.cit ,p.S«. 

^ Op.odl.,p. 23. 
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RHCKNT TRNDEVCIR8 AND nP.VKI.OPMENTft. 

would bo to pmvido t.hoHe tiituationH. \Vlion tauglit from Uiw point 
of viow. arilhinotic affi»nls “an unrivaJotl moans t»f inontaf distuplino/’ 
h\H Dowoy (loos not ust' “montal dinripline" in tlm S4»n>H> in whioli it 
u'rts usmI by the autliors of antlimolic's during the provio\is porio<i. 

Hi^ih ihf iii»np!iruiru ami thr utiJiiaruin fu7trh<mjt an^JiVirtir 
rfi'oanisnl at TJu^njgh the publiofttion id Tlio Psychology of 

Nvmdx'r, and througii the oxiunj^hfication of Ins pniici|>ltss in the 
I nivorsity Kloinontary S<’lu>ol. Dou’oy coinbincti v\ith tlio n»m‘tion 
against, tiu* * (hMMrine of fonnal disciphno in intluoncing the concept 
of ihi' aim of inslnic(it)n in arithmetic. S<H)n after the pul>licatii>n 
ttf I ho PsychoK>gy of Nuinhcr two series of arithmetics were puh- 
h"hed which the authors clainuyl einluvdusl the prineiph's enun- 
emUsi by Dowey * Other autlu>rs buddiHl u|H>n them in part. Tluso 
texts have Ixvn a factor in inen^aMiig the emphasis upon problems 
taken fnnn j’lractieal situations, ami lienee upon the utilitarian 
value of arithinetie. 

I’he nuietion against, formal diseipime was followed hy a ctuinler 
hi'iion in whieh edueators liavi^ n^eogni/ed the diseiphnary function 
of arithmctii',’ hut in gtuu'ral they HCi'onlt»d tin* utilitarian value 
n\uy, ami this ap|>t'ars to hi* the present status. A recent 
(|Uo>! iomiaire was sent to 1S5 8tat<* noniuil si-hools and t<i S eitv 
immiiig sehmds. Ib'plies More reevived from (>.'') State nornial 
M liools and city training st hottls. In training t-eachers of niathe- 

I'Dli! les 

\ 

M jN-r iviit ot ^ fUiin u* jMiy ttn4'i)ti.*n u> niathrmjinri* as a aeiciKx* 

otii‘ cuhan* valuo) ami U> ma(ii»=*inam>i aa'an ajt iallml utiliunan 

Alamt ‘2H jn^r tx*m claim to rmpliaairu more the ruhunil u^J>l•c^ O'Xtvpt m 
anlinmuuM. aiul -I JH*r <vnt j)ut gr\*ater aintw ilu' uUlUnv ’ 

In all of this agitation there stnuus to have been the uudt‘r]\mg pur- 
pose to adapt ari(hmi‘tit; ti> tiie nature of tlur ehil^tand ti> tiu* social 
demands wivitdi will he made upon him wh»*n he leavtxs school. 

Ptfijiitum of Ou' a\m t*/ - Ueeeiitly scientific investiga- 

litui has revc-aJisl iiat the jiroduet of instruction in aritlinietic ls 
not a single ahilit> but eonsisU of many abilities.* Tlie ability “ to 
adtl eolunms thrw figurt'w long Ls not the same ability as to add col- 
ubius five figures long/’ Each type of e.xample calls for a dilTerent 
ability, and thus the product of instructi^m in arithmetic includes 
as many tliiTerent abilities as there are iliffiTont ~tv]>es of exani])lt*s. 
Pourtis has idtmtified 15 difjerent addition abilities,^ S for subtrac- 
tion, 11 for multiplication, and 1-1 fordivisiop. 

■ WM b 7 MclioU&D and Ames.iaM; the other by Belfield ai»d brouks. IHWt. 

•S« J. W. A. Vounj;: The T«artun« oi MatbenuCcj. igo6, p. 3W; and D. K. Sniiih The Twclunu of 
AnthimUc. ItfOe, p. I iff. 

'TraUiingor Teachers of Klemenlory and flecoDdary Malhematics. V. S. Bu. of Ed. Hu).. U*ll, .No. 12, 
p. l.V 

*C. W. Stone: AriliuneUcol AbiUUes and So cue Kaclors IVu^r mininp Theiu. iMrt, pp, 42-iJ. S. A. Cour* 
Us; Teachers Monua), 1914, p. 2, 

* Op. clt., p. 2. ■ . 
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ARITHrMBTTC AS A SCHOOL SUBJECT. 


This anaJ^is of the product of instruction in arithmetic has made 
powible more exact and objectiv^e definitions of the aim of instnic- 
tion. At present this has been done by Courtis for the funds-, 
mental operations with integers. ‘ For any particxilar grade the 
teacher and pupils have for their aim, in so far as it involves the 
fundamental operations with integers, to attain the ability t6 solve 
examples of certain types with a specified speed arid accuracy. 
These standards are based upon ettensive experimental data gathered 
from both schools and the commercial world. These detailed and 
objective statements of aimjj of the instruction in arithnietic are not 
opposed to, but will supplement, the more general statement of 
aim. 

Ia 88 time given to arithmetic in the schools . — During the preceding 
period a large per cent of the total school time w’as given to arith- 
metic. Estimates ranged as high as 50 per cent or more.- Tlie 
Committee of Ten, 1892, stated that a “radical ciiange in the teach-* 
ing of arithmetic was necessary,” and recommended that the course 
be both “abridged and enriched.” In 1895 the Committee of 
Fifteen reported as follows: 

Your committee believea that, with the right methoda aiid a wifl(» use of time in 
preparing th^ arithmetic lesson in and out of school, five years are suflicionl for ihi- 
study of mere arithmetic— the five years beginning with the second school year and 
ending with the close of the sixth year; and that the seventh and eighth years slujuld 
be given to the algebraic method of dealing with tliose problems that involve dinicul* 
ties in the transformation of q-antitative indirect functions into nunieric'al oj direct 
quantitative data. 

Your committee is of the opinion that the so-called mental arithmeti<* should be 
made to alternate with written arithmetic for two years, and that there should not be 
two lessons daily in this subject (arithmetic).^ 

In another place the committee roporta “that the practice of 
teaching two lessons daily in arithmetic, one styled ^nienttil’ or 
* intellectual' and the other ‘written' arithmetic, is still continued in 
many schools.” * Although there was a marked tendency even 
before 1892 to combine “mental” and “written” arithmetic in the 
texts, this practic,e persisted in some plac^es until very reecuitly. 
Separate classes in mental arithmetic wore discontinued in Kansas 
City, Mo., in 1913. 

. The following data show the change in the relative amount of titne 
given to arithmetic in several American cities. 

»Op.Clt.,p.3. 

^Seepageiao. 

* Proc. Nat. Kd. Assoc. pp. 300-901. 

«Ibld.,p.m. 
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Pet cent of total nchool time given to arUMwietic.^ 





1904 


mo-n 


Dwton 

Chiewo 

Gevelaiid 

Columbus, cia . . 

Jersey Hty 

Kansas Cltv. . . 
l^lsvllle. . . . . 
New Orleans. . . 
New York .... 
Ban Frandsoo. . 

8t. l.ooi.s 

halliniofo 

(Inctmuili 


\9 3 


1 ( 1.6 ; 

e.3 

14.1 


26 2 
u.o 

10 3 
19.5 


16 3 
U.6 
17.3 
18.6 
10.5 

15. 1 

17.2 
i8.e 
13 0 
15 3 

15.2 


15.5 
10 0 
15 5 


13.4 

16.6 

15.0 

18.3 

18.8 


' The (laU for 1888 and 118)4 are taken from H. R. Payne; Public Elementary ftrhool ('urricula; for 1800 
ami 19U) 11 from I 8. lUneau of Education. nuUetln No. 4, 1911. For 1800 and 1010-11 alfcebra tsuxbt in 
the grades U included. 

* 

A roc^'iit, iuvoatigfition * of 50 of the letuling American cities shows 
that 15.26 per C4>nt of all of the school time is devoid to arithmetic. 
However, in the n^j)ort of the same investigation it is stated that 
mathematics is “less prominent bi city systems than in the rural dis- 
tricts. Tliis indicates that 15.26 per cent is too low for the country 
as a ^olo. 

Wliilo the change in the relative time allotment has been irregular 
in many of the cities, and there is little xmiformity, the tendency in 
city schools seems to bo to give a little more than 15 per cent of the 
school time to instruction in arithmetic, which probably represents a 
decrease of 10 to 25 per cent since the middle of the past c^entury. 

The conUni of the texts . — Arithmetics are usually published in the 
form of a series which consists of a primary text followed by one or 
two books for the upper grades. With very few exceptions the pri- 
mary texts are bitended to bo completed by the end of the fourth 
grade. 

In those primary texts, pictures and graphical designs are em- 
ployed for representing objectively numbers and number relations. 
It is frequently suggested that the teachers introduce objects for this 
purpose. Denominate numbers are introduced very early in the 
texts. Some authors intend that the relations between quantities, 
such as pint, quart, and gallon, shall be developed by the children, 
and most authors bitend that the children shall have some first-hand 
acquaintancM^ with the most common measures. 

Dewey cx>ntonded that number and number relations were the 
product of measuring.’ Soon after the appearance of The Psy- 
chology of Number, in 1895; measuring was made a prominent fea- 
ture of a few series of arithmetics, especially the primary texts. 
In more recent texts it has been given a place, though with .varying 
degrees of emphasis. Pupils are asked to tell which is the Idngest 


1 U. S. Bu. of Educ., Bui., 1911, No. 13. 
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or which the shortest of a group of lines, to estimate the length of 
lines, to fold paper figures of given dimensions, etc. Tables of th*- 
nominate numbers are developed by measuring. In the more ad- , 
yanced grades,. the pupils gather data h)r some of their problems by 
measuring city lots, school gardens, and fn)m the measuring in mak- 
ing articles in the manual training shop and in cooking in the domestic, 
science laboratory. Counting, as a form of measuring, is very c(m- 
spicuous in some texts. Tlio couirting of objects w»is a part of the 
^ plan of G)lbuni. But now they cx)unt by twos, by threes, by fours, 
etc., not (counting objects, just cx)unting. 

In some texts there is an attempt to have the child engage in at livi- i 
ties which will demand a knowledge of number and number n*Ia- 
tions. Number games, sucli as ring-toss, bean fmg,’ <>tc., are varied 
in such ways that fundamental number facts are demanded in dt^ttT- 
miniug the relative standing of the participants. Keeping store, 
cooking, and other c-onstruction work are used to create .situations 
which require a knowledge of number and number relations. More 
V frequently the author of tlie text desc^ribos a game, a store, a bank, a 

farm, a factory, or some other a<divity, and then gives a seri(‘s of 

problems of the ty]>e which do arise in suth situations. It. is suggt*si rd ^ 
that when possible the pupils bo taken to visit the actual industry. 

An understamling of the activity in wiiicdi the problem oexuirs is 
regtfl'dod as a legitimate phase of arithmetic. 

The problems iu those lists are for the most part such as actually 
do arise in the given activity, and there is an increasing temlencv !,(> 
go to the occupation and take problems whicdi have actually arist'ii. 

But as yet this has not been done very consistently. There has been 
a very pronounced tendency to use exct»s.sively large numbers in the 
problenus. For example, in a popular text the first problem umlcr 
the head, “Our Forests," is: “ If there are 672,000,000 acres of wood- 
land in the United States, how many square miles are there ?" Each 
problem in the list involves a number as large as a million. Besiihs 
the practical problems which are thus grouped hi lists, there are 
many drawn from a wddo range of sources, 'hiis range suggests tlie 
plan of Horace Mann,* but he probably influenced the present situa- 
tion only slightly, if at all. Problems of the typo, “The area of tlu^ 
Atlantic O<;oan is 24,651,410 square miles and this is 49 per (‘ont of 
the area of the Pacific Ocean. Wliat is the area of the latter are 
prevalent. 

Tihe Speer method. — Another interpretation of the child with 
respect to atithmotic was made by William W. Speer. The basis of 
his plan for arithmetic was that number was a ratio obtauicd by 
comparing two magnitudes. Ho devised a set of solids which the 

‘AnumbCTofsuchgaiiiMaredcscTlbedlnTheTeachiiigot Arithmetic, by I). E. Smith ch H 

* See D. 117. » 
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pupil was to handle and compare. The pupil’s idea of number and* * 
tho operations upon them were to come from these activities. This 
idea of ratio permeates tho whole of his texts, which wore published 
in tlie later nin(*tios. Tho plan had been conceived by Tillich many 
years before. However, there is no direct evidence in Speers texts 
to show that ho was indebted to Tillicii. Tho question of tho 
ori^rinality of the work is of little importance, for, while the “Sp<MT 
niclluxj” attaiiu'd some popularity, it never l)ecame widelv used, 
and there is very little trac^ of it in our present popular texts.'* 

— The texts of tlie previous period contained topics and 
proidems wliich had little or no practical value. Tlie report of the 
* 0(mimitt(H> of T(mi, which we have taken as marking the lieginning of 
tlie recent period, contained the following recommendations with 
reference to tln^se topics: 

AmmiR tho subjts whirh (should he eurtailtHi, or entindy omitted, aro compound 
pp't><>riion, cube root, abstract numHuration, obaoloto donominato quantities, and* the^ 
greater of commorcial arithmetie. Percentage ahould bp rigidly reduced to the 
nct\In of actual life. In such subjoi'ta aa profit and loss, bank discount, and simpio 
and I'ompound inU^reat, examples not eawly made intelligible to iho pupil should lie 
otiiitUxi. huch coinpIi(*atinns as result from fractional periods of time in compound 
interest aro urndtiSH and undeeirable. (P. 105.) 

F. M. McMurry, in an address before the National Department of 
Superintendence, 1904, enumerated a list of topics which he thought 
might well be omitted, ''flio curtailment which ho advocates is some- 
wluit in excess of that recommended by the Committee of Ten, but. 
in gtdieral agrees with it. 

hi 1911 the Inteniational Commission on tho Teacliing * Mathe- 
niiitios, referring to tho above recommendations, report U***t “only 
dS j)er cent of the 50 largest cities have followed out tho recom* 
nicmlatioii. ’ 

In a nioio n cent investigation > a questionnaire was sent to city 
sijperintmidents to which 867 replies w<‘re received. A majority of 
tliese favnmd eliminating aj)<»thecaries’ weight, furlong, dram, quarter 
in avoirdupois, couipound proportion, unreal fractions, alligation, 
and progreasion, and less than a majority favored eliminating Troy 
weight, rood in square measure, surveyors’ tables, foreign money, 
folding paper, reduction of more than two steps, long method of 
greatest common divisor, least common multiple, true discount, cube 
root, partnership, compound and complex fractions, cases in per- 
centage,* annual in Unrest, longitude and time, metric system, and 
aliejuot parts. However, a majority favor either eliminating or* 
giving less »tttention to all these topics. On the other hand, from 
three-fifths to three-fourths of these superintendents favored giving 
more att(fntion to addition, subtraction, multiplication, division, and 


* Matbematicsin tho Elementary Schools of the United Btatea,U. B. Bu. of Educ. Bui., No. 13, n»U,p. 17. 

* W. A. Jessup; Economy of TUne In Arithmetic, Ele. Boh. Teach, Vol. XIV, p. 461. * 
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fractions. A majority favored giving more attention to saving and 
loaning money, taxes, public expenditures, insurance, apd' public 
utilities. 

The course of study , — Tlio gratle occurrence of arithmetic to|)ics 
based upon 47 courses of study is given in tlie following table; * 

ArUhm/^ topics i?i ih ^Htrious gratles. Conncrsx'iUc {Ind.) public schools . 


Subjects. 


Numeration . . 

Notation 

Relation ofnnmt>ers 

Addition 

Sutdrartfon ... 

' IfulUuUcation 

Division 

Fractions 

Deaotninate numlHvs . . . 
Involution and evolution. . 

Decimal fractions 

Umsuration 

Uultlpliration tabiwt. . . 
C'ommlasioD and brokera^te 

Insurance 

Peroentafe 

Ratio anu pruiiortiuu 

Partnership 

Partial payments 

O. C. n. and L. C. M 

lyonaltude and time.. . . 

Profit and loss 

Taxes 

Duties 

BanUnc 

Eidian^c 

Simple interest 

Stocks and bond.s 

Business forms 

Simple oooounts 


a: 

M , 
-10 : 
Z\ I 

24 I 
10 ; 
2 I 

to 


II 

' HI 

IV 

\* 

. VI 1 

: ' 37 

Xi , 18 

7 

1 * 

1 , :t9 

33 

1ft 

t 


> : 11 

, rt 

.s 

.*1 1 

1 4 

I j 39 

33 

28 

13 

9 

1 1 39 

:t4 

26 

13 

9 

I ; 2« 

30 

2.S 

i:> 

I.'"! 

1 1 lb 

21' 

34 

27 


) 2S 

1 

. 31 

■ 34 

2S 

1 1 20 

\ 

:m 

, 

1 31 




23 1 

. 12 

i S 

i * 

i 11 

12 ! 

! 14 

I 1 S 

20 : 

; IH 

7 ' 

' S 





10 

1 

"'t', 

*10 
r 10 



1 

3 ; 

8 




' ; 

2 




4 

h 





4 

2 

j .i 

i 

! ' 


1 

.. ,.k.‘ 

1 

'! 

i 

1 


1 .. 



^ 1 1 

4 



3 

<1 : 

,S 


\II MIT 


4 

4 

4 ' 

It . 

a 

10 ' 
\\i ■ 
2t 
20 


17 

u 

9 

4 

•j:t , 
0 
i.s 


10 
K 

11 

III 

i 

12 


Since only 47 courses are included, it is very evident that s(‘veral 
topics must be taught in one or more grades; ami, on the other hand, 
some of the topics have been eliminated in some of the cities. For 
example, partial payments occur only 8 times in 47 t'oiirses of studv. 
Hence this topic has lieen eliminated in at least ,S9 out of tin* 47 
cities. 


Tlie International Commission on the Teaching of Mathematics 
summarized their findings on the course of study as follows: 

Grade I. — More or less incidental niimlx?r work or number work rorreIuU‘d with 
manual training or with eomo other definite subject. Variations; Kroin no uurniior 
work at all to very formal work on addition, flubtraotioR, and the miiltipli( uhun 
tables. 

Grade 2.— Number work correIat(*d with other subje<.'ts. Addition facts cmphiu 
sized and in manj; places the multiplication table begun. Variations; In u few 
schools there is no number work; in pome, at the other extreme, division is taught. 

Grade 3.— The process of addition and subtraction mastered, together with some 
work on the multiplication tables, the" tables often being completed. Variations: A 
few schools give no work at all, while some gi\e considerable work in fractions. 

] This ta^ I« from the Course of Study In Mathematics, Connersville (Ind. ) Public Schools, 1911. Thr 
tabulatAprwas made by Mr. Q. M. Wilson, then the superintendent of schools. The courses of study 
represKted cities In 33 diflerent States. 
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(Jnvde 4.~MiiUiplirfttion and (Jiviaion ma«t<^red. Variationa: Fraotiona are taken 
up in many arhools. 

(inido 5. — Fractions mastert'd, some divimals introduced, denominate nunnbers 
employed. ' 

(irado 6.— ~I)(H'imals as related to common fraction'* *, with much prohlom work. In 
f^imo schools simple interest and percental are begun. 

(inwle 7. — Percentage and some of its applications. 

(trade 8. — Bindnees applications of percentage; mensuration of solids. Variations; 
No arithmetic at all in the whole or lutlor half of the grade; the time devoted to 
algebra; algebia combined with arithmetic.^ 

Ke turns from 754 cities show that seveii-t-euths of 1 per cent bitn)- 
dnce a text in the first jp’Rtic, 8.7 per cent in the second, 56.1 per cent 
in the third, 27.7 per cent in the fourth, 6.1 per cent ni the fifth, and 
seven-tenths of 1 per cent in the sixth.* 

Tho'varintions in school prac*tico whi<;h these investigations show 
aro significant. The courses of study have not been constructed sci- 
entifically. The occurrence of topics is due to tradition and opinion. 
Many of the distributions of the occurrence of topics resemble chance 
distributions,* 

During the period from 1821 to 1802 the syst^atic study of arith- 
metic was usually begim when the child first started to school. 
Some times that was as early as the age of 3 or 4.^ The Committee 
of Ten say: '‘The course in aritlunetic thus mapped out should 
l>egin about the age of 6,” F. M. McMurry said, in 1904: 

Tn addition to all of these, arithrtirtic may be omitted fw a separate study thmugliout 
the first year of sc'hool, on the ground that there Is no need of it, if the numl>er inci- 
dentally called for in other w'ork is properly attended to. 

Some writers w'ithin the last few years have gone on record as say- 
ing that the systematic study of arithmetic should begin in the fourtl^ 
grade. Investigations show that in some cities no systematic aritlf- 
mo.tic is taught in the first three grades, and it appears that them^aa 
l>oon a movement in the direction of delaying the systematic Btudy 
of arithmetic until about the fourth grade. When arithmetic is not 
studied systematically in these primary grades, incidental instruction 
in the subject is usually given by means of number games and iir^ 
connection with the other subjects. 

The organization of the texts, — Prior to this period the genera] plan 
of the practical arithmetics had been topical, i, e., addition was com- 
pleted before 'subtraction was begun, and in turn subtraction was 
completed before multiplication was begun. This was also partially 
true for the primary books, but beginning about 1896 texts bog;in 

> op. cit., pp. 18-19. 

* W. A. lossiip: Grade for Introduction of a Text in Arithmetic. El. Sch. Jour., Vol. XV, p. IR3 (Not,, 

1914). ' * ' 

* See IfathemaUce Ln the Elemeotary Schools of the Unlt«d Htatea. U. 6. Du. of Educ., Bui. No. 13, 1911, 
pp. 19-32. 

* See p. 92. 
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to appear- which were organized upon what has been known as the 
“spiral plan.” 

The M’emer Arithmetic, by Frank H. Hall a three-book series-, f„r 
gra(ic\t. schools, and The Hall Arithmetics hy the same author, a 
two-book serire for graded or ungraded seliools, were jiio^iec^ in ilu> 
exploitation of tlie spiral plan of oi-ganization. A ('oj>v of i)io 
Werner Aril-linn'ties, Book 1, wliieli 1 liave bi'ars the date I'shG. \s 
to the plan ol tliis U'xt, Mr. Hall sax's in th(> pn'facc'': " 

The liret live liaea of ihw book present proljlems in aiblition, sul)tmcUon mtiliipli 
.■atu.n, division noting the number of ,nixiips, and division nmimt the number in e', h 
(troiip. Then, li.V a kind of spiral advanceineni, the pnpiKs move around tliis nr,-|e 
and upward thrmigh all the inlrioaeies of (.-ombinalioil, separation, and (-oiiipari.-sm „f 
numbers. ^ 

The arrangement of topi.-s is unique and mnvenient. In this Ixsik measuri-in.-iit 
problems appear on pages -Li, ,Vi. 6.!, :,1, et,-.; a ren.iii, rlass of fra. lion problems ,-n 
pages 4a. ,V>, Ci.a, 7.'i. etc.; farts of addition, subtraction, ninltipliratioo. and divi.-mii 
on pages -11, ,51, 61. 71. etc. This decimal arranpemeiK of subjects makes the b.s.k.s 
^most as convenient for reference as are the ^xks that are made on the strii-t ,-la-i-i. 
fiitation plan, while the fnnpient recurrence of similar matter insures thorough rftx i.-w. 

This spiral arrangement, which was followed in tlic other texts ,.f 
the, series, foiuui favor very quickly. -AViiliin the next few v,.,irs n 
number of tex'ts were published whieli were organized upon tli'c sj,i,„l 
plan. A few were as extreme as The Hall Aritlimeiies, luit u, 
general thi' spiral plan was nuxlitied in part... The spirals were l,-.-;.s 
nunieious and tlie ‘-deeiuial arrangement” was not followed. 
Mitlun the laM, few years there lias been a pronounced reaction. 

1 ho spiral plan has been severely criticized, and authors of some of 
the- Spiral. t<>xts have found it fiecessary to revise tliem, eliminal itio 
some of the spirals. At. present tlie consensus of opinions seems to 
be m favor of a moderate spiral for grades one to four, a tojiical nhui 
for graxios seven and eight, and a transition from.tho one plan to tiu' 
other in grafles five and six.' Some authorities, while agiveing with 

above general opinion so far as the actual instnielion is eoncerned 
contend that the best re.sults can be obtained from using a Uiiiic-il 
text above the primary grades. The teacher can tlicn adopt a si.inil 
which wiU meet more nearly the needs of the (immunity and tlie 
particular class. 

The Grube method.- Gruhe (1816-1884) was a German whose 
claim to rank as an educator lies largely in Ids powiT of jiidicioiis 
selection from the writings of others.”' The features of Gnihes 
writing which stand out most clearly are objective tcaeliing the 
me.Murmg of each number”' vith fixed units, the spiral or concentric 
circle plan of organization, thoroughness and complete mastery 
making of each arithmetic lesson a language drill, and the simul- 
taneous teaching of the four fundamental operations for eafh number. 


.(3 
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(rnibo preseiited his method in “I^itfaden fiir das Kechnen in dor 
Elenientorschule, noch den Grundsatzen einer heurist ischen Methode ” 
(Cimde for Reckoning in the Elementary School, according to the 
rrineipb^ of a Heuristic' Me^thod). This was published hi 1842. 
Hie begiiming of the method in this country dates frorfi 1870, when 
K. Iahus Soldan prestmtod to tlie teachers’ association of St. Ixniis 
mi aeeoiuit of Gniln^’s plan for teaching the numbers 1 to 10. The 
piJan ^^ILS tried in the St. Louis s(‘hools and later eLsi'where. In LS7G 
SihiUu\ pn^sented the remainder of Gnibes plan, which includes the . 
numbers 10 to 100 tmd above, ami' common fractions. I’his was 
inlemlod to cover the^work of the first four ytuirs. In ISvSS !>>vi 
S‘cl?y \^TOt<' Ornhtt^s Method of Teaching Arithmetic. Tliis is realiv a 
complete U'xt for the tirst four years. 

The method rapidly heeame popular in many sections oi the 
country. One writ-<^ suggests that tlu* for the ]K>puJnri{v of 

the method in this eountr^’ was due to Grulie’s rlj'inal trontise Ix'ing 
brief and written so as to l)o easily translated and to the fact that it 
was a “German” method. Furthermom, it seems that the friends of 
tlip method, or at least thost' who first used it, saw most clearly the 
fTood features and eiii])hasi7,ed them to the, partial or entire e.xchision , 
(>f tlie less desirahle fontun's. Doubtless they, in their entluLsiasm, 
secured eommemlnhle results. But as is often the ease, as the method' 
W 11 .S j)as.sed on to other teachers, the attention was fixed priinarilv on 
the most obvious phase of tlie method, wliieh said tlint the four funda- 
mental operations should be taught for each nuinlx>r before the next 
wius taken up. 'Hiu;? within' recent years this single feature has 
conic to stand for the Gruh<^ nictliod. 

Grul)c*s method lots luvn severrdy criticized hv several recent 
writem on the teaching o«f aritlunetic*. As a plan of teaching it lots 
het*n dis(‘mlited.' Much of Gndx^’s nuuhod was not new to the 
I'liited StaU's. In fact all the features are to he found in texts ]>ul)- 
lislied prior t() 1870, though some were not given quite as extitmie 
form. Ohjeetive teaching began with rolhuni. Davies held that 
the unit was the basis of all numbers m\d treated each number 'Sus a 
eollef*^'f>n of units.” Emphasis had already l>ecn placed upon 
llioroughness aitd drill in langiiage. In the (’hild’s Book of Arith- 
metic, 1859, D. r. Colburn approximates the concentfic ein*l(‘ plan 
and the simultaneous, teacliing of the four fundamental operations. 
Ilowover, this does not tdter the fact that Soidan introduced the 
Grube method -directly fnim the writings of Gnihe. 

The relation of the Grube method to the sjnral plan . — ^Tlie opinion is 
prevalent that the spiral plan is simply an‘ outgrowth of the Gruho 
i^thod. However, the writer has failed to find evidence to show 

JSion.E. Smith: The Teaching of Elementary Mathematics: McMurry: Special Method in A rithmptU^ 
McLellanand Dewey: Psychology -of Number. It is also true that, in its entirety, the method did not 
gain any considerable prestige. 
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this. In fact, there is evidence to indicate tliat the spiral plaii'was 
the result of attempting to fit the organization of arithmotir to (he 
child and to secure thoroughness. 

The texts of the previous period were topical, hut the order pursued 
by thQ pupil was spiral. Not only tliis, hut there were fn^picnt 
review exen'ises. Now, when the slogan was “adapt arithmotir 
to the child,” what w^ould bo more natural than to put the spiral into 
tlie text rather than leave it to the pleasure of the teacher. Thon>ugh^/^ 
ness was the cry, and psychologists were saying that only hv n>pcti- 
tion is thoroughness secured. Then, the plan of the text make 
repetition certain. Frank H. Hall suggests this conclusion when 
ho says, “Proper sequence with reference to the pupil has hc(M\ 
constantly in the thought of the authc*- in his seleK'tion and arrange- 
ment of matter,” and later, “the frequent recurrence of similar 
matter insures thorough review.” 

A careful comparLson of the Gruhe method and the spiral plan 
reveals many t^sential differences and few points of contact. Gniho 
did not go l>eyond the work of the fourth grade. Within the vear 
his spirals were all of the same size; no now 'matter was admitte<l in 
the successive revolutions. The spiral plan usually pnn-idod f"r 
some preliminary number work in which the pupils learned to count 
(Hall says up to 100). Also they learned some of the nuniher fa< 

Gnibe did not pn^vide for this. The spiral plan did ‘not make tlie 
magnitude of the numbers the basis of the spirals. Furthormojv. 
the work of Gnihe had been severely criticized by Dewey in 180o, 
Rationnlmng f/ic teaching oj arithmetic . — The chaiiges in the aim, 
subject matter, and oiganization of arithmetic, togetlier with otlicr 
factors, have comhine<l to change the method of teaching arithmetii . 

; The present period has been one of transition. Perhaps less has hccii 
, accomplished in modifying the method of teaching than in the other . 
aspects of arithmetic. Certain it is that school practice has fallen 
far short of realizing the ideals of method proposed by leaders in 
arithmetical reform. 

The most important factor in this transition hOvs4)eon the child, 
and progress has been made in the direction of adapting the method 
of teaching to the nature of the child as revealed by modern jmidioh i 
But tliis progress has boon attended by unfortunate w'andering.s 
after “single idea methods^ and devices. However, the period has 
been marked by progress. Metho<l8 which in thenuselv^ are open to 
serious criticism have rendered service by making obvious defects of 
the dogmatic, memoriter, disciplinary methods of the past. 

DevehpmerU of topUs . — It follows immediately from Dewey’s 
first thesis that the pupiPs imderstanding of number and operations 
with numbers must result from his own psychical activity. This 
implies that it is the function of the teacher to provide situations 
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which'will oxcrcise the pupil's inind aiui to siinplv guiilc the pupil in 
this'activity. The method of such Icftcliing woulii consist of a plan 
for providing situations wliich call for the use of number and number 
relations, for moving the pujiil to work upon them, and for guiding 
the activity of the pupil. 'I'bo plan for guiding Ls to bo based ujion 
the norma] way in wbicb the cbild's mind works in “making a vague 
'“^olo cielinito." 

I he JI t rbiirtiOTi phiu, — Tlio lenilors in the Ilerhartian movement in 
tlio Unittv.! States emphtusi/.ed inductive thinking, and their conce|)t 
of inductive teaching hecume (|uite ]>opular and wius applied to arith- 
metic along with other school subjects. 

('harlcw Me^^urry says; 

’Thrt flUidy nf atithmeucal funiinhoH om* of tho btv*t oi>|>orlsiiutioH to 

apply induft-ivo mothixls. And m^Iy evt*ry u.pi,- in ariilunrlir two 

PiM. to dorive prtX‘*v«(-.. n^M-ond, to apply thorn N^ritm.sly m 

imj>ortam iim<'tiral and tlH\)n*tic afTaini that noi>d arifhmctiral rlarid.'atitm.' 

The derivation of "these general processes" consisted of the steps 
(M pn'paration, (2) presentation, (3) compari.son and ahijtraction, 
and ( I) generalization. 

Tlio Herhartiab plan applied to arithmetic was received with 
cntiuisiit un hy lua..^ teachei>» and was hy them un(|Uastioucd. 

1 he attt‘in[)tsS to nse it in actual teaching became and are. tt>-dav 
wide"pread. But tho Herhartiaii plan td inductive d(*velo[)ment 
has hceu severely criticised,^ and it lias hetui ]K»inted out, that it is a 
special case of relloctivo thought with tJie steps of jirohlem, data, 
h\pothesis, and verification. In addition, tho practiiMMif develojiip^^ 
or rationalizing every topic in arithmetic lias been criticized recently 
hy some educators. They point out that some jiarts of arithmetic, 
such as tho fumiamental operations, must bo reduced to habit if 
tlicv are to function efbeientiy. They contend that to attempt to 
e\[)lain the ‘’why" in such jirocesses as "carrying" in adilition and 
■’iKirmwing" in subtraction “is merely to stir up unnecessary 
trouble, trouble unprom[)tod by any demands of actual eiliciencv." 

ThL« position with respect ti> rationalization is summarized l>v 
SuzzrJo in his book, Tho Teaching of Primary Arithmetic, 1912. 

He says: 

(I ) Any fa* i >r pnx’cw wliit h alwaya fociirsin an id(*iitiral manaor. and orrurB with 
euHirient fresnumey U) )ni romemhannl, ought not lo he ‘ raUoiializfHr’ for the pupil, 
I'Ut ‘ hahituaUML” ♦ « ^ (2) If a proct\«a dm*** rwur in the mime manner, nut is 

wt little used in after life that any formal method of milntion would l>o forgot Um, then 
the teacher nhould ’‘rationalize'’ it. * * * (:t) If iho prfKCw alwayn dooe’fK cur 

in Iho aamo manner, hut with Iho fref|uoney of it« ro<’urrenro in <louht, U:o tea<*her 
should both “habituate” and “rationalize. ’’ * * ^ (4) When a prex-oM or relation 
is likely to Ix) expreHsed in a variable form, then the child must l>e taught to think 
through thorolationfl involved, and should not l>e permitted to treat it 'mechanically, 
through a mere ar't of habit or memory. ' ^ 

* Special Method In Arithmetic, p. 60. See pp. lA'i-167 hir rome le,<vvin.s planiiM ncconllng to tW.'f method, 

. * See 8. C, Parker; The lILttory of Modern Klenoemary Education, p. 4Z5 ft. for a summary of these 
criticisms. 

81758^-17- 
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This reactionary moyement should not be interpreted to moan a 
return to the former memoriter plan of instruction and drill. It 
indicates rather that mental processes are being carefully examined 
and inodes of instruction are chosen with reference to the subject 
matter involved and the end sought. 

In the Herbartian plan, deduction came in tho step of application 
and was treated as an incident in the total cycle of inductive develop- 
. mont. But it has been pointed out that in life we make many 
deductions for every induction, and that in the rationalizing of 
arithmetic deduction has an important place. It is also a special 
of reflective thinking, tho distinction beirtg that tho general principle 
is a jmrt of tho data, and the hypothesis consists in sul> 9 uming tho 
particular case under tho appropriate rule.* 

Motivation, IntereM a motive , — Along with the efforts to adapt 

the mode of instruction to tho child, there havo boon endeavors to 
work out plans for securing incentives for the mental activity of the 
child. In reacting from the plan of securing motive by rivalry, 
emulation, fear of punishment, etc., interest was conceived of as a 
motive, and the plans for securing motive wxre plans for aroasing 
interest. Interest and its attendant conditions wore very impcrfootly 
understood by the great majority of teachers, and blunders wore, 
made in attempts to arouse interest. 

For instance, it was pmposed that children like easy things, that 
difficulties were uninteresting. Hence to make arithmetic interest- 
ing, make it easy. So difficulties wore divided* and subdivided 
or removed. Tho pupil was “prepared" by the teacher for each 
topic. And this anemic subject meatier was to be interesting 
and attractive to the pupil because it was easy. Or, the uninteresting 
became interesting when “associated" with the interostiug. Hence 
to make an jminteresting topic in arithmetic interesting, "assoemto " 
it with some activity whic^ the pupil has already foujid interesting. 
For example, cliildren are interested in games; they are not inter- 
ested in the multiplication table. Thus to secure interest in tho 
multiplication table, associate it with some game. This has been 
done by devising a game with which the multiplication facts could bo 
“associated." 

The efficacy of this plan depends upon the interpretation of the 
word “associate." If it is taken to mean that the game is to bo so 
arranged that the. pupils will need, or find useful, the number facts to 
be taught, the number facts will become interesting. They are tlien 
a means to a valuable end. ^ut this was not the way it sometimes 
worked out in practice. . . Ai recently as 1911, an author gives a lesson 
plan of teacl^ the multiplication table of fours in which the game 
of bean bag is to be utilized. The pupils have already played it in 


* For deduotton $ppUed U> withnwOc, aw Btrmyar: A Brief Coune tn tha Teechtaf Pnom, p. 182. 
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leiiming the tables of twos ami throes. According to this plan the 
tcncher sara to the pupils; “ If we are to make large scores, what table 
must we loam no.xt ? How many think they can learn half of the 
table of fours to-day? If you learn it, we will play our game ten. 
. niinutes. ' In this case the “a.ssociation” of the gamewith half the 
table of fours consists of holding up the game and its attendant 
plca.suro as a bribe for memorizing three multiplication facts. The 
subjwt matter bears no intrinsic relation to the value to bo con- 
trolled. 

In contra^st to this entphasis upon making arithmotic interesting, 
there is an increasing temloncy to recognize that part.s of arithmetic; 
perhaps most of arithmotic, are in thom.seJves immediately interesting 

( hildren. T hi.s is particularly true of the work of the primary and 
intennediato gra.les. I). K. Smith sa.vs: “Such .statistical informa- 
tion as wo have shows that aritiunetic ha.s always boon lookotl upon 
by children as one of the most interesting subjm'ts of the course.” 

Shico the publication of The Psydiology of Number there has been 
an increasing tendency to secure motive for work upon arithmetic by 
Iniving the child feel tlio_iuM?d for numher and number relations 
before ho is a.sked to study them. D. E. Smith says: “This ideal is 
not always ca.sy to realize, but wo are approaching it in our education 
of children, and the tcndeiicy is alioalthy one.”’ The teacher is to 
cause the pii|)il to feel a need by taking advantage of the quantitative 
situations the jiiipil ineots in his life out.side vf school and hy so sotting 
, the stage that he, will meet others.. The latter plan is illustrated when 
the pupil undertakes a project in the manual-training shop or in the 
(lomestic-scienco laboratory and dlscovc -s that he needs aritiunetic, 
or when arithmetic Is taught incidentally. Need is also felt when a 
pupil o.xperiances difhculty in controlling a situation etficiently. In 
such a case ho needs a better method of control or drill upon his 
present method. The attempt to make arithmetical problems “real” 
and “concrete” has been promptml, in part, by the desire to secure 
motive. 

Mjectivf. Prior to this period the use of objective mate- 

rials had become rather indiscriminate, and often was looked upon 
as an end in itself. The significant feature of the objective teaching 
of tills period has been a tendency toward a more refined correlation 
of the pupil’s ‘ e-xperienco with the social problem or subject in- 
volved.” The objective materials have become more varied, and 
there is an increasing tendency to look upon them simply as a 
means to an end. These changes have resulted in a wider distri- 
bution of objective methods, but. at the same time a clearer under- 
standing of the function of objective materials has resulted in the 
total objective teaching being r^uced. 


' 8ti»jr«r: A Brief Couree In the Te«hlnt Prooi*, p. wo. « The Te«hlzi* of Armunellc, p. «7. 
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— NMibu’ stl^ntion whs focuju'd upon tho rhiltl \Ue 
unitary nature of his life outside of school was rovcHhxl, In coiv 
trust, the course of study portioned the chiUl s time to the 
several scluxil subjects, and < uich. ,j*tfbiect jealously guard tnl its 
apportioned peri‘Hl, n'isenling any encroachment. Each seh(H>l sub- 
ject was taught istdaUvl frxnn the other subjects. Tlie topiral 
a Tangeiuonl of t4»xts. as in the case of arithmetic, icndcHl t4> isolate 
topics within a subject. And to a very considerable exteiit the 
wprk of succ^^ssive da >’>4 wtts isolalCci. Within tl»e recent peruni 
plans for ndieving this isolation have Ixmmi proposctl, B(*cH\ist» 
their bi^aring \ipon the teaching t»f arithnuuic, st>Mie t>f them are 
worthy of o\ir notice. The aubcoininilt+H) of the Conumittee of 
FifUHMi appoinUnl by the National Educatioi\ Assoi'iation, . IS'.tL 
reporting on the oomdalio!! of stud it's recognize*! iiv«» “staple 
l)rajiciie,s of tl»e elementary course of study." Th*\se wen^ grajii- 
mar, literature, arithmetic, geograpliy, and history, Tiicv mu- 
lendod that “there should be rigid isidation of tlie (donnuiUs of cacli 
branch," 

In o|)|K>sition to this, |>lans of com'cntration wen* pn)poscd. 
A subject, or a clos4*ly n*la(ed gn>up of subjects, wtvs taken us a 
(u*uter and all other sciu)*)l subjects were inadt* suhsidiarv, A 
well-known att4»mpt at ('onctmlrat ion was matle by t 'ol, K . 
Parker at the n*)rmal sciitH>l of ('ook ('ounty, 111, He c*uict*nualtMi 
the curricirlum around tJie scientific subjects, elein<*ntarv scienre. 
geography, myth, am! liLsj;t)rv. Arilhini'lio was sim|)ly a means 
h>r controlling arithmetical situations \vithin lh<v>e suhjtMUs, By 
imiiig it as a tool, arithmetic would be sufliciently learned. In fact 
Col. Parker believed that giH)graphy idtme issulHcienl. 

If th«» chiM ha*I no other study tliai> tlmt i>f jnsv^pby. the rxen im* of tho 
imnibimiaf faculty met the nectwituv* of the child's in<*r*'a«in^: knowlt^dp'. IhuI) 
of obt«*r\'at*o'' and ima^M nation, llio opportunitiM fur the a^MpuKiiioii uf the kn*>wl 
of aritlmiotii’, a.-* it ia no^ under^t/MKl, would 1 m» fully o<h‘<piato.‘ 

Charles A, McMurry^ in The Elerueni-n of frenen// lilOd, 

advocates correlation. This ho defines as “such a connection be- 
tween the parts of each study and such a spinning of ndalioiis 
and connecting links between different sciences tliat unity may 
spring out of the variety of luiowdedge," This is opposed to a 
plan of concentration such as proposed hy (ol Parker. Each 
important study is to be isolatetl for purposes of instnictioii. Bui 
correlation also means that arithmetic is to bo taught so tliat every 
important topic will be seen “in. its natural relations to topics in 
other studies, tlius binding the studies together in a multitude of 
close interrelations/’ In this way aritlunetic, though taught as 
a separate subject, is to bo correlated with geography, elementary 

science, history, etc. Tliis is to be done by 
' ^ 

iTalki on PatUfoefca p- U. 
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subjpi'Ls for part of the work in the arithinetir class and by 
(isiii}; the knowlwlp' learned in the arithinotir class as a tool for 
the l)ett<T understanding on these other subjects. 

By some, correlation was given additional meaniiig. Connection 
was to be nind«> hetwt>en topies within a subject, and even between 
the leasonV of successive days. Tliis was to l>e acconiplishe<l hv 
a proper onlering of the topics and by reviews. To rx'view the 
]>revious h'sson to secure the connection became with inanv a 
iie< (>ssi(ry mark of gtMxl teaching. 

/W7. - If one may draw' conclusions from the texts, the eipphasis 
upon drill as a factor of the teaching pnwess has, in general, in- 
creasisl in this jterit'd. All of the mon> popular texts give much 
space to exercises for rapid drill. Sloine are in the fomi of special 
devic>s whose function is to assist the teacher in calling for com- 
hinations iapid1\ and in a variable order. 'A device which si'Ciiis 
to be standard, but which ajipears in several variations, consists 
of a number sinToiindwl by other numbers place! along some con- 
tour. By choosing appropriate numbers tliis device may be used 
for drill upon any of the fiindaniental operations. The device mav 
he used directly front the te.xt. or it may be transfemxl to the 
hlackboiinl. In either ca.se the teacher (h>sigtiates a number on the 
contour, and the pupils are tojicrfonn the nspiirtul operation upon 
t. hor exjimjde, if th(> pnwu'ss is division, the niittiber in the center 
s S, and the. ininiber di'signated on the confour is 72, the pupils are 
to givi‘ the (juotient of 72 divided by S. 

Oth.w plans for sivuring rapid drill iti>on the fundamental number 
facts are (yiniititig by twos, by thn'e.s, by fours, etc., adding iiumbem 
as the teacher w'rites them on the biiard or dictates them, and using 
drill canls which have exercises ujhui them. Ttie pupils may be 
divided into groups for number contests, the gnuip winning who 
does the work tlu' most rapidly or the most accurately; or, iiisteatl 
of dividing the class into grmips, all may work all the exercises, 
and scores he ki'pt. At the emi the total scores for the set of e.xer- 
ci,si>s are conijuiteil, the pupil making the highest score being the. 
wmtier. It has hwn urgwi that soiife time each day he devoteil io 
rapid drill. One authority states “about five minutM a day devoted 
to ni])id oral work are sufficient to keep gnunmar-seluHil pupils in 
practice." Besides this “rapid oral W'ork," he contends that there 
should he a deiiiiitt'. amount of rapid written work every day. The 
me<li(m per cent of time given to stricihj drill work in arithmetic 
in ,564 cities is a.s follows for the several grades:* Pirst grade 43 per 
oeiit, second grade <50 j>er cent, third grade 53 per cent, fourth grade 
47 per ooiit, fifth grade .39 per cent, sixth g^'ade 31 per cent, seventh 
grade 22 per cent, and eighth grade 17 per cent. But notwithstajid- 

* W. A, /tnujri of Ttmo In ArithmoUe,” Pfrhfrti) Voj. XJV, p. 474, 
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ing this increased emphasis upon drill, skill is r^arded less as a 
primary aim than heretofore. The function of drill is being better 
understood. * 

ScieTiiiJic investigaiion and experimentation. — The pioneer iit this 
field was J. M. Rice/ 1902, who attempted to evaluate the ex- 
cellence of instruction in arithmetic by measuring the results of 
that teaching and to detennine what factors contribute to superior 
results. He gave a test to 6,000 pupils in the fourth to eightli 
grades, inclusive. On the btisis of the data obtained he eliminates 
as controlling factors home environment, size of claasos, time of 
day which a class recites, age of pupils, time devoted to arithmetic, 
amount of home work required, method of teaching, and general 
qualifications of teachers, and concludes that the quality of tlie super- 
vision is the contn)lling factor in detennining the achievement of 
pupils in arithmetic. 

The procedure of Rice's investigation is open to criticism as might 
be expected of a pioneer study, but it stimulated and inspired otiicr 
scientific investigations and experimentation. The major prol>- 
lems attacked have been: (1) What is the nature of the product 
of instruction in arithmetic? (2) Wliat factors are most effective in 
producing arithmetical abilities? (3) How to measure thase abilities 
and to set standards of attainment in these abilities. (4) The 
determination of superior methods of instruction and courses of 
study” by scientific experimentation. (5) A scientific analysis and 
study of the learning process as it occurs in the case of aritlimetic. 
The most extensive work on these problems has been by S. A. 
Courtis,* who received his inspiration and stimulus from an investi- 
gation by C. W. Stone.* In addition to j|||ptifying elementary 
arithmetical abilities, which we have men tioneil on p. 131, Courtis* 
has devised tests for measuring those abilities, and lias set tentative 
standards of attainment in them. His standard practice tests and 
the manual which accompanies them represent the qiroduct of his 
study of methods of instruction and the learning process. The most 
significant feature is a plan for giving individual instruction to pupils 
when formed in classe^s. 

At present there is much scientific investigation and exf)eriinenta- 
tion which is resulting m an accumulating ])ody of data which can 
be used as a basis for directing the development of arithmetic as a 
school subject in the decades to come. This is the most conspicuous 
tendency at present, and the indications are that future <levelopm(mt 
will be made in this way. 

t * 

> ‘‘Educstlooftl ReMueb, A Test In Arithmetic/’ The Forum, XXXIV; 281-297. "Causes oT 8ucco.ss 
and FaUure in Arithmetic/' The Forum, XXXlV: pp. 437 -*fi 2 , 

> See blbliofraphy lor a list of his published material. ^ 

* Artthmetical AblUUes and Borne F'^'tors Determinlnc Them. 

* Manual of Instruotlons for Of Ting .ue Courtis Standard Tests, Department of Cooperative Research, 
DtMt. AiM tha Cdurta Btandard Fraotloa TmU, World Book Co. 
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Chapter XI. 

SUMMARY. 

The place of arithmetic in education . — During the ciphering book 
period arithmetic was a part of the school curriculum in those towns 
where it was demanded as a tool of commerce. In communities 
whose interests were not commercial and in the rural districts it was 
frequently not given a place in the plan of education and was con- 
rod ed to possess little or no educational value. When arithmetic 
\vas taught under these conditions, it was simply as a concession to its 
practical, utility. This early attitude was modified somewhat before 
the close of the ciphering book period. The commercial need for 
arithmetic had become inorc widespread and more universally 
recognized. When the Colonies became a free and independent 
Nation and a Federal currency was established, interest in arithmetic 
was greatly augmented. In 1729 the publication of the first 'ari th- 
ine tic, by an American author had passed unnoticed, but the appear- 
ance of Nicolas Pikers text in 1788 marked the l>eginning of interest 
in improving the subject matter of aritlimetic which was manifested 
by the pubUcation pf many, texts, ‘^^y the Iwginning of the nine- 
teenth century arithmetic had been given a place in the schools, 
though not one of first importance. There is some indication of the 
recognition of an educational value in addition to the practical 
value. But to Warren Colburn is due the credit for initiating in 
this country the movement which gave to aritlmietic the place of 
first importance in the curriculum of the elementary school and 
which caused some to exalt it as a newly discovered “royal road*' 
to learning. 

Recently there has been a reaction from this extreme disciplinary 
conception of arithmetic and a return to arithmetic as a practical 
subject. But the meaning of practical is not that of the eighteenth 
century. Arithmetic now represents tools which the child needs to 
control his present and potential quantitative situations. These 
tools are to be organized in accord with the nature of the child and 
as the child works out methods for controlling these quantitative 
situations and organizes the arithmetical tools which he has acquired, 
arithmetic fulfills its disciplinary function in education. 

The content of arithmetic' and its Organizaiion.—Two complementary 
tendencies are revealed in the modifications of the content of arith- 
metic. Practical demands and the desire of the arithmetician for a 
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j logically rounded-out science have caused subject matter to be added, 

i and tradition has tended to keep subject matter which has once 
been added. New subject matter has been much more rapicily 
incorporated than obsolete subject matter has been discarded. The 
most conspicuous change of emphasis has been in reference to the 
•rule of three. Formerly it was the great topic, the “golden rule” 
of arithmetic. Now it has been reduced to the inconspicuous topic 
of proportion. Evolution has been reduced from an array of specific 
rules for roots up to the “squared square-cube root’^ until now only 
square root is frequently given. Some topics, such as permutations 
and combinations, position, and infinite series, have been transferred 
to more advanced coui^s in mathematics. Other topics, such as 
fellowship, (M*rtain tableslof denominate numbers, much of exchange, 
tare and trett, alligation, duodecimals, annuities, etc,, have been^ 
dropped as topics because the need which they satisfied no longer 
exists. On the other hand decimal fractions now occupy a much 
larger place. This has been due to the introduction of a decimal 
currency. In this way the relative importance of common fractions 
has been lessened, but they now occupy more space than formerly. 
More significant than the increased space given to fractions is the 
fact that they have been moved forv'ard in the course. 

The first great change in the subject matter of arithmetic came 
with the work of Warren Colburn. He introduced primary arith- 
metic and intellectual or mental arithmetic, gave a place of promi- 
nence to common fractions, and omitlM the rule of three and other 
topics as such. Many of the omissions for which he took a stand 
have since been made, and others are at present being urged. 

Arithmetic being a practical subject, the probleirs, for the most 
part, have been practical when they were introduced. As conditions 
changed, some problems were no longer practical. Tradition tended 
to keep these in the texts, the result being that our texts have con- 
tained a number of problems from obsolete or obsolescent situations, 
A few arithmetical puzzles have always found a place in our texts. 
When the disciplinary function of arithmetic was emphasized, the 
number of such puzzles was much increased, particularly in the 
mental arithmetics. Recently*ithe forc^ of tradition has been very 
much weakened, and there has been a tendency to reduce the numl)cr 
of arithmetical puzzles and to insist that practical problems be 
practical. These practical problems are to he drawn from a wide 
range of human activities and -from the child^s own life. 

In the larger features of organization we have had many variations 
and combinations of the ori^nal topical plan and the more recent 
spiral plan. Prom a strict^ topical organization we have come to 
a moderate spiral for gradet on^ to four, followed by a transition to a 
topical organization in grades seven and eight. In the details of 
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organization tho logical| deductive order of the past has been re- 
placed by an attempted psychological order. Here again credit is 
due Warren Colburn for making the break with the past by organ- 
izing his texts upon the' inductive plan. Following Colburn there 
vas a partial relapse to the old logical deductive order, but recently 
there has been a movement toward tho form and spirit of Colburn’s 
organization. 

Meihyds of teaching arithmetic , — Before 1821 the- teacher’s function 
Was to set ‘‘sums/’ tell rules, and pass upon the correctness of the 
pupil’s work. This instruction was given to the pupils individually. 
After 1821 pupils were usually instructed in classes, and in practice 
the technique of dealing with pupils in classes became almost synony- 
mous with methods of teaching. However, the concept of thfe func- 
tion of the teacher was enlarged to include explaining the process 
and problems. Colburn and some others believed that the teacher 
should guide the pupil in developing his own rules. Some emphasis 
was placed upon drill, and much emphasis upon exact forms of analy- 
ses. Colburn’s ideas concerning the teat^hing of arithmetic were as 
progressive as w^ere his texts, but he failed to exert much dir^t 
influence upon the mode of teaching. Rec^>ntly, starting with an 
amilysis of the nature of tho child, a clearer conception of the sub- 
ject matter involved and the goal to bo attained, more rational 
methods of teaching arithmetic are being worked out. In those 
rational, methods direct instruction and drill have a place. Motive 
by appeal to artificial incentives has been supplemented by motive 
secured by intercut and by need. The spirit of present-day methods 
is to assist the child by making the instruction coincide with the 
natural working and dcvelopm<mt of tho child’s mind. Although 
^ arren Colburn has influenced the present methods of teaching 
arithmetic scarcely at all, yet we are distinctly returning to tho spirit 
and form of his methods. We are now, like him, studying the child 
for the basis of our methods.* 

TJte men who have made our arithmetic . — Wkrren Colburn without a 
doubt occupies firet place, because of his influence in stimulating 
and directing the development. Much of our present arithmetic we 
owe to him directly or indirectly. He himself was much greater 
than his influence has been, and his writings arc still sources of infor- 
mation as well as inspiration. To Joseph Ray we should gi've second 
place. Ho was not a great constructive writer and thinker as was 
Colburn, but his greatness consists rather of his ability to write 
clearly, to organize, and to adapt. Because he could do those things 
well, his texts have been giver! a wide and long-continued use in our 
schools. Following these two men, there are many others who have 
matoriaUy contributed to the molding of our present arithmetic and 
the methods of teaching it. 
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Some inferences , — Tho story of huma;i activity, human progress, 
is always intonating, and it may be of value to the present genera- 
tion in their attempts for improvement. Tho story of the develop- 
ment of arithmetic which wo have traced repeatedly suggests that 
permanent improvement of content, organization, or methods of 
teaching must be based upon a clear conception of the child. In 
this was Colburn’s greatnoi^, and here also is the foundation of our 
recent progress. 

In their enthusiasm to improve arithmetic aiul^its teaching, tho 
te.achcrs havo not maintained a critical attitude toward propos<‘d 
reforms. Using methods which have since been shown to bo funda- 
mentally wrong, they have s(k^ured results wdiich they interpreted 
as an improvement over previous results. The judgment of results 
htis often been bastul upon biased opinions and has seldom been the 
•.result of a clear comprehension of tho aim of arithmetic tcaeliiiig 
and a comprehensive survey of the effe^^t of the teaching upon the 
pupils. For this r^itison the judgments have at tim(^ been defective. 
But the fact remains that tlu; belief of a teacher in a method has hem 
a largt^ factor in the determination of the iiuuisun^ of its succt^ss. 

V 
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aldiUnn, a manuwnpt hy Mix-v t'athcitrw H. Willard, now in pos.'ewslon of lYof. W' C. (Hore, of the 
rntcerwlty of ('himpn, wa* examlrHMt 
Kvanl^, f'harlci* K\t4iih* American hih!it*tjT»phy. 

^ ouinpJrte hihllocmphy of all ItonVv and pamphtets pohU*be«l tn Anjerh't heirtm^nr with the 
ftrM hook primed in Amertmm Ifvri. 

. Jackwm, 1 ,. Lf The (Mlticafional sigjufiranco of mxteenth centurj' aritimietiP. 1906. 
JnhttAtm, (difton. Oldriimo arhoola and srhooldxx^ki?. 

A very interest inraccounl. 

Kilpatrick^ William H. The Dutch achobla of New Netherland and Colonial New 
York. Washington^ rrovernmeni Printing Office, 1912. (U* 6. Bureau of Edu- 
cation. Bulletin, No. 12, 1912 .) 


A carefully prepared account of an Intensive siady. 

Unleheld, G. E. Early New England schools, club of old volumes. Boston, 1904. 
Meriwether, Colyer, Our Colonial curriculum, 1607-1776. 
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Murry, David. History of plural iori in New Jersey. Washiji^-on. Governinent 
Printing office, 1899. (L. S. Bureau of Education. Cirrularof Infonnatinn. No. 

1,1899.) 

Powell, Lyman 0. The history of education in Delaware. Washington, (iovernment 
Printing Office, 1893. (U. S. Burton of Kdmation. Circular of Infonnatinn, No. 

3, 1893.) 

Steiner, B. C. Histoiy'of e<Iucation in Maryland. Washington, (rovernmenl rrintiiig 
Office, 1894. (U. S. Bureau (>f Education. Circular of Information. No. 3, 
Tolman, William H. nistor>* of higher education in lUuKle Island. Wa'^hing(nn, 
Government Printing Office, 1894. (U. S. Bureau df Edut alion. t in ular of 

Information, No. 1, IH91.) 

Watson, F. The beginnings of the teaching of nuHiern sniijocts in England. 

The English gram mar s(0»ools b) IttH), their nirriculum and practifo. 

This and' the above book by the .s;ime author Rive a good account of contcmi>orary pnicticc in 

En^iand. 

Wickereham, J. P. History of education in Pcnn.'iylvania. 

Worcester Society of Antiquity, Collection.^, voC !>, Proceedings, lS8S-bS90. 


THE BEGINNING OF THE PESTALOZZIAN MOVEMENT IN AMERICA 
AS APPLIED TO ATtmiMETlc. 


Barnard’s American Journal of Education, vol. 2, p. 294. 

This appears (o be the most complete hloKraphical iMTOunt of fnlhurn nouhiMp. 

Biher, E. Henry Pestabtzzi^and liis plan of (Mliication. 

Colburn, Warren. First b^uis in arithmetic on Uie jilan of Pcstalo/./.i; with n<mie 
improvements. 1821. 

An edition of 1826 has the title, " Colburn *s first lessons. Intrllcctiml arithmolic ujMin the iiulur. 
tire method of iTwtructlon.” This title has l>een retained. .\ copy of the first «lit ion is in the library 
of the American Anti(piarian Society, Worcester. 

Arithmetic; being a serpiel to first IcwonM in arithmetic. 1K22. 

The t<5aching of aritlimetic. An address delivered before the .\meri< an fn- 

Rtitute of Instruction in Boston, Augiust. 1830. 

It was published in the proceedings of that society and was reprinted in the Flementary School 
Teacher, June, 1912. 

Kriisi, Uennan. Poetalozzi: llis life, work, and infliKuice. 

One section of the hook is devoted to the *' Principles and method of reslaloxri.” A cliapter on 
“Special application of I’ostaloui's melhofl'’ gives restHlor.r.i‘s ld«'!Ui on numtor. 

Monroe, Will S. Hifttory of tlic Po.sUlozzian movement in tlie Cnited States. 

This nrcourit deals onlv with general feat nre,s. N'o mention i.s niadn of -Warren Colhnrn and very 
little Is said concerning the influence of I’estalozzian principles ni>«n sdiool .subjects and the uiptliod 
of teaching. 

Peetalozzi, J. H. AnHcbaimngHlelire dor ZalilenverbaltnisHe, Part I.. 

This contains a list of o.verdsfs upon I’c.stalozzl.s unit s table. Parts II and IT I contain tho.seon 
the fraction tables, flerman Kriiij^asslsted In preparing tho excrri.ses. 

Leonard and Gertrude. Trans, by Eva f'hanning. Boflbui, I). ('. Heath <t Co. - 

A narrative account of Pestulozil’s theory of eduailion t>eforl^ 1781. 

How Gertrude teacheH her children. Trans, by Lucy E. Holland and Fran if-? 

(b Turner. Syracuse, N. V., W. Bardeen. 

* An excellent account of Postalozzl’s educational theory. 

linger, Fredrich. Die Methodik der Praktischen Arithmetik. 

A reliable account of the development of arithmetic as a school subject In Germany. 


FROM 1821 TO 1892. 

GENERAL SOURCES. . 

American Journal of Education, vol. I, 1826. 

Connecticut school document, Noa. 7 and 16. 

' These oontaln reports of surveys of ConnectUnit schods. , • 
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Davioe, X^harlea. The logic ami utility of ^nalheinatu-s. 1850. 

'•A full analyaia of Uie itctenoe of raiuheinutlcs.’' - - , 

DeGraff. The echoolroom guide. 1877. 

Fowle, William B. The teacher’s iustiiuie; or familiar hints to young teachers. 
1866. • ' . 

V l>ook on the toachln^? of the conunoh branches. 

OrcciiwtHKl, J. M. Prindplt^of edm atic.n practically Applied. 18(17. 

Key to Ray's practical arithmetic. 1845. 

The teaching of arithmetic is tiiscus.s<Hl hrletly. 

Page, David V. Theory and practice of teadiing. 1S47. ^ 

SkKldard, John F. M(*th(XlH of teaching arithmetic and key to Stoddard’s American 
mentid arilhmetii'. 

• ^ ARITHUKTIC TKXTS ^ 

Seme of the more imjM)rtantHeri(*sof arithmetics have been deacriUd in (,'hapter 
\ in. The authors <tf thes<* s«*rit^ are iiiclmltd in this list and a page reference is 
given to ( hapter \ LI I . No attempi has htH*n made to give a complete list of the 
arithmetic texts ptiLlished during tlu* peritxl. Those interesUd in stich a list 
are referrtHl to the bibliography l»y J, M. (ireenwiKKl and Artemas Martin. 

Adams, Daniel. Adams's new arithim'tic. KS1?7. See p. U):i. 

Adams, Frederick A, romimui and high rcIumiI arithiiuilic, 1816. 

Helfield, H. II. The revistsl nnKlel elementary arithmetic. 1SJJ7. 

•*of,ilc\crci«swiU Itofoiiml on Uu* Icfl-htina ptige lUnUs riltcn on the riKlit . with a few exceptions.'* 

Hn^oks, Kdward. Si*o p, 102. 

Fhas<.*, Pliney F., a/e/ Mann, llctrace. Si*e p. io;t. 

('(ibl), l.ynian. Aril h met if. IS;12. 

t’oli/nrn, Dana IV Tine child's book ot aril hnictic . isrdp 1 ntelleciual arithmetic, 
1850; romnion schttol arithmetic, 1S5S; Arithmetic- and its apjdications, 1855, 
Frn'/et, Flaudius. An aritlnuetif for utilcges and scIkhiIs. IS-18. 
bavies, ('harU'H. Sre p. 95. 

Dean, Philotus. Primary arithmetic, iHOtl; lutelh*ctuul arithmetic, 1861; Klemeu- 
tary arithmetii . 1868; Intermediate arithmetic, I8t>5. 

Katon. Janic-H Stewart. St*e j). 

Emerson, Fr^rick. Seep. 9*1. 

Ernst, Henri^ Arithmetic. 1857. 

FelUT, S. A. Primary arithmetic, ISGil; New primary, 1880; First' lt«sons. 1865, 
1880; Inkl-mediah; arithmetic, 1862, 1866; New intemiKiiati*, 1875; Now prac- 
tical, 1872; ( 'oinpleto'arithimdic. 1877; Advanc(*d arithmetii*, 1877 
Fowle, William H. The child's arithmetii*, or the elements of ealculatioii. in the 
8]>irit of Pestalozzi's meth<Kl, 1826. 

Kw the use of cUihlrcn tlu? yotirs of UircM und six. 

French, John II. I'irwt lessons in numbers, i860; Mental arb.hmelic, 1870; Elemen- 
tary an thmetii*, 1867; ( 'otiinion HchcM/l arithmetic, 1869. 

^ Goff, M.H.- First book in aritlunetic . 1876; Arithmetic al problems, 1877; Pdementary 
arithinetie, 1888. 

Goodricli, S. G. Peter Parley's ^not^lod^)f teaching arithimdic to chddren. 1838. 
See p. -103. 

Green leaf, Benjamin. StHi p. 97. ^ 

GnK«l>eck, John. Commercial a^thinetic. 1868. 

Hagar, Daniel B. Primary lessons in numbers; 1871; Elementary arithmetic, 1871; 

Dictation problems and reviews in arithmetic, 1874. ^ 

Hanna, J. S. (^implete rt^ady reckoner. 1871, 

Har|ier and Bros. Two-bix>k stiries. 1882. \ ' 
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Hill, Thoniafl, An elementary arithmetic, 1845. 

.** It is not the design of this treatise to make cxitbmotic easy nor to give such practical skill as mav 
be useful In business.'* ^ 

Hooee, Jamoa if, Aritlimotic. 1881’. 

The author attempted to follow I'eatalozii’s plan. 

JametKm, Richard S. 'Hio ha.His of arithiuoiic. I8(J7. 

Kirk, Alfred. Model ohmientary arithmetic, 1870; Model completi^ arithmetic. 
Lt^ach, Daniel, and Swan, Robi*rt. ElemeiiUry intellectual ariiliiuctic 1853 
Leonard, (leoixo, Jr. A i>ra**lical treati.-^e tni arilhim'tir. 1839 
lAHiiuin, Eliart. The olemeiiU** ttf arithmetic. I8f>3. » 

Mecntchen, Samuel.' (inuUul ])rol)lem.H in arithmetic and meii.-jurai inn. 1880, 

■ Sayre, (ItHtr^e M. New American pra< tical aritiniiene. 1877. 

Milne, \V. S First let^sniL*^. 1S?S; IVa^-lical arithmetic, 1878; I-deiiieiitarv aritluiiciir 
1882. 


I’nuiiral 
Ilk nf ;irul)- 


OIney, Edward, Primary arithmetic, 1874; ICIcineniH of arithmetic. 187.' 
arithmetic, 1879; Fir^t lc.H.-4nn.H in arithmetic, ISSI; Teacher h ham) 
metical o.xenu.'icH, 1 875. 

OIney, Jms4*. An improved sr.-JCein nf urithniciic 1839. , 

Orton, Hoy D. Li^htnin^ calculator. IHiUi 

Parke, Uriah, I‘arnu^^s , merchants ami un*i-hanicH' practical ariihiui*!ic 3d e<J 
18:19; 20lh ed., 1847, 

Payson, John P. Pntctit'al arithmetic. 1887, 

Poc:k, William (1.* (\)in))let(‘ uritiiinetic 1874. 

Perldiw, Oeor^M) Rohcrl. u/m/ (.^uu'kenlniH, (Imr^u* I 
kiiiH. StHi p. 103. 

Ranh, Albert N. ElemeiiUiry ariUim.-t ic. 1877; r. 

Ray, Jot«‘ph. See p. W. 

Rohiiwon, Jarm^, Jr. The American aritrmieiic, 
htctual arithmelie, 18;{0. 

Robiiwoii, H. \., iiUo J.'iHh. D. W.. who wic-^ u.s,‘<(H iated with Hnhinsm. See p 

Rodgern, .M. H. A initebtH)k of arithmetical iuIch and detinitiniis 1802. 

Ruger, William. A new Hyntem of arithmetic. 1829. 

Sadler, W . II., n/id Will, \V. It. I ndurtive arithinetie. 1885 

Sanford, Shelton Palmer. 'Fhe iiiternieiliute aritlimetic. 1871. The common-.Mciiunl 
arithinetie, 1872. 

Seymour, Gt^trge E. Elementary arithmetic, 1880; I’nu-tical arilhmetic, 188(1. 

SiiigiT, Edgar A. Eltnuentary arithmetic, 1870; 'Phe model nietiful arithmetic. 18:(;. 

Smiley, TlnmiaH 'P. Tlie new fed('rul ealculufor 1828. 

“ In appotiranec Is tt twin to Oatxiirs arithmetic. ” It wms still printiMl iu l^w hv .1 H. I.ipfun 
oott A Co. It 300 1 ns to huvo boon roviswl by l„. Talbot and prinUHl in 1 m 41 inidor the title, ’Tlio_ 
Wosteni practical iirlthoietic. ” 


Ihiiidcd on the text.s of I’**r- 
mplcic arithmetic. 1877. 
lvH2;>; lOlcmcntaiy Ies.‘<oii.‘< in iiilcj 
101 


Smith, RoBwell C. The little fedeml caIciiIaU>r. 18:^2. (It Hturb, *' How many little 
fingem have ytju on your right hand? How many on both?”i; Praelital and 
mental arithmetic, d^*^^igned principally to accompany Daholl’H Hyntein of aritlo 
metic, 1820; Practical and mental arithmetic; on a new plan, l827;The prodncti\e 
arithmetic, 1841. 

Stewart, Charh^a. An analytical arithmethvfor the u.se of hcIiooIh and ( (dhvefl 1850 

1883, 1874. ft I 

Stoddard, -John F. Soo p. 99. 

Talbot, John L. The Western practical arithmetic. 1841. 

Thomson, James B. See p. 98. 

Ticknor, Almon.. Columbian calculator. 1840. 

Towne, Paul Allen. Mental arithmetic. 1870. 

Townsend, Julius L. Primary arithmetic, 1885; Intermediate arithmetic, 1885, 
Grammar-school department, 1885. 
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Tracy, Calvin. Commercial and mtvhanual arithmetic. 1851. 

Vogdert, William. The l-iiitod Stunts arithmetic. 1845. 

Walton, George A. fv*e p. 103. 

Werttworth, G. A. 3'ho first steps in miraher, 1884; Grammar-rtchotd aritlim-etic, 1885; 

' Iligh-schoo! 1881 ; IVimaty arithmeti(‘. 1891. 

• and Tlet‘(i. Iv ^l. Tlu* first sfejifl in mt;nl>er. 1884. 

This text and the ITirniiry urlthmetic by a. Wentworth are ui>on the Urube method, 

Wliri'Irr, II. N. St'cniid li'ssoiis 111 uritluiietif'. 1888 . 

“ I have tfhsi in all caiies to follow tho inductive raetluxi of Instruction as Illustrated In Warren 
Colburn's First I .c,'isons . a lHK>k whicli h;w p<mfesswlly done more for the cause of educatlori than any ■ 
other toxllKwk that has ever lieen publlshod ' ( From iho preface.) 

Wliih*. 10. K. A primary arithnn-tir. lSti8; .\n iiitcriiUHlialc urithinetit', 1870. 


lUOClO.NT TirNlUOXrilOS AND mOVlOl.OPMF.NTS. 


Them i.s nil attempt to gi\ t‘ a cnmplcic Iiihliography ttf rtH-ent ftc'ientilic stiidiee, 

diiiiv tins lias Keen dntic hy Mr. Hnwcll. wlnisc wtirk is mciitioiu*d holow. 

Bagh'y, W. C. lOducatiunal valiums, ('iupter I*J. 

This jjives a brief historlral luvount of the reart mil ajiainst formal di.vltiline. 

liruwn. 10. pHyrhiilngy of tin* .simple aritlitm*tiral preceMHes. .American Journal of 
Psyrlmlogy. 17:1. iiMKJ. 

Bniwn. .1 . ( . and ('niTmiin. l.elus IF I l.i\y to temdi arithmetir. 19U. 

CuiirtiH. S. TeadierH' maimal and ntandard pra< tii t* tests. 191 (. 

. Manual nf in.strm’tiuiiH fur giung and Hi-uring the Court is .standard tt*flt«. Rev. 

fd IftM. 

NJeiu^urement of growlli anj eflicieni-y in arillimetie. lOlementary fAchool 
Ti-arluT. U):r>5-M. 'l77-.99; 11: 171 85. 3UF70. 528-39; 12:172-37. 

-- ■ Staiulard senre.H in arilhmetie. lOlementary School Tea*-htT, November, 1911. '■ 
Reliability nf jsingle measnrenunits witli Vlandard tt‘8ta. Elementary Sehool 
Teacher. Marcli. 1913, 

FJiot. Charles W. lOdncational mforiit. 

j Ttil.sisrt s<,'rii'Sofaditres.s*’se\ten(liriKrtver a numlxT of years. The\ ^etle^'t progressive tendencies. 

Hurt. \V. W. Cuiniminity arilhinetie fur sevtmtli and eighth grades. lOlementary 
Schodl Tem-lier. 11:285-95.- 

lliiwell, Henry Hndd. A foimdatiun study in tlie pedagugv uf arithinetii-. New 
Vurk . Macmillan Cuinpany. I9M. 

very complete r^^surni^ of the extensive exijerimemal literature'’ on arithmetic. The book 
conUiu.s an e.xtenslve bibliography. 

International Cominission on the 'reaching nf .Mallnnnatics. Report of the American 
Coimni.s.sioners, Washington, (iovernnient Priming Ofllco, 1912. (U. S. -Bureau 

of Kducation HuIIetiu, No. U. 1912.) 

A summary for the elementary sch(M>l l.s kUcii on pages U-2.^). 

Jes.stij), W. A. firade for introduction of a text in arithmetic. Elemeutary Schfx>l 
Juiirnal, 15:103, November. HIM. 

Economy of time in arithmetic. Elementary ScIuhiI Tewher, 14:461-76, 

June, 1914. 

McMnrry, Charlea A. Special metluKl in arithmetic. 1905. 

Horbartian doctrliie-s applied to aiithtoetlc. 

- — The elements of general melhml, 1903. 

A chapter le given to correlation. 
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Mcl>ellaii, Jamc6 A., arid Dewoy John. The psyc hology of number. 1805. 

A constructive Interpretation of the nature of the child with respect to number and Its applioa* 
tlona to the teaching of arithmetic. 

Mathematic'S in the elementary s('1kh) 18 of the United States. The .\ineriran report 
of C-ommittees I and IT of tlie International Commission on the Tearhiiig t»f Matin*- 
matics. Washington, Governnnmt Printing Ofliia*. 1011. <U. S. Huri'an of 

Education.) 

A comprehonslve survey. ** 

Matthews, Pauline K. Uejtort oi experiimmt on the value of plays and guin*-.- in 
arithmetical drill. Eleiucntury School Teacher.' 

Monroe, Walter S. A rejKjrt of the use of the (’ourt is standard n*s<*arrli tests in aritli- 
motic in 21 cities. Top<^ka, Kaus.. 1915. 9-1 pp. (Kan.sas .State norinal scIhmiI, 

Emporia. Bulletin. N(‘w s^^rios, vol. J, no. H.'i 

National Education Asstju iat ion. t'oinmii tee of I'ifteen. Ilejmrt on the cnrrolai i.iii nf 
studies. 1895. 

ComniitttHJ of Ten. Report. » 

IVtx'tK'dings. 

These proceedings rHlrtct ttici’ilnrutiuiml thought of ihc teachers of t ho I 'liitcd StaU's. TMo fu! low- 
ing have particular roferiMU'O to arithtuclic* l.vto, p. ui; p. s.p hKi. 1S9*>, p, tii7, ojn. ]vo, 
p. 25t, 300. 

Newcomb, Simon. Methods teaching arithmetic. Ediiralntnal Ut'view, 

850. 

Parker. Francis W. Talks on p^xl agogics. 

('olonel Parker gives a plan for makitjg I l\e scient Mir <ul'jrrlsa renter aroninpwliirl', aril hiiiet ic uiel 
other form subjocls may l>c rorrelalixl. 


Patridge. Lelia E. The “Quincy Mcthmls." lllii.s. I'<x5. 

Rice, J. M. Educational rasearcli; a test in aritluneiir. Forum. Tl: l’Sl-297. 

(’auwH of smce.ss aiul failuK^ in aritluneiir. Forum. :M; 

Smith, n. E. Uandhook to Smitli's aritlumMics. IW'i. . 

The teaching of arithmetic. 1!K)0. 

The teaching of elementary matlicmat ics. Itk)0 

Stamper, A. W. A te.xthook on thr t<^a< hing of arithmetic 1918. 

Starch, D. Transfer of training in arithmetical ojM'rai ioii.s. Journal of Kdm'atioiial 
Psychology. 1011. 

Stone, r. W. Arithmetii'al a))ilitit*s and some fartt)rs determining them. l!K)8. 

A report of an exporimental InvcsliKiuion. 

Suzzallo, Henry. The teaching of primar>’ ariihmeiir. IU12. 

A critlctil study of recent trudriicics in nirlh<Kl 

Training of teachers of elementary and secondary mathematics. WashingUm. Gov- 
ernment Printing Oflice, 1911. (U. S. Bnroau of I’diication. Bulletin, No 12. 

1911 .) 

W’alsh, John H. Practical metluxlft in arithmetic 1911. 

Wilson, G. M. (’ourso of study in inatliematif s. Uoiinersville. Ind., pid)lir schools 
1911 . 

A course of study worked out by Supl. Wilsnn and liis icaolicrii after examining many a>iirses of 
^ , study and texts. 


Does improvement in nu merit al 


Winch, W. H. Accuracy in scIkk)!, children, 
accuracy transfer to arithmetical reasoning? 

1910. 

Further work on numerical accuracy in school children. 

in numerical accuracy transfer? Journal of Educational Psychology, 1911 
Young, J. W, A. The teaching qf mathematics. 1906. 


Journal of Educational pHy< h»dog_^, 
Does im^rovcuumt 
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REPRFSI^NTATIVK TEXTS OK THE PERIOO. 

Bellleld, H. IL, tnu/ l^rooks. Sarah The rational arithmoticH. ISOS. 

Hftll, Frank H. The Werner arithmetio!<; *a three-luKik rour?^^ fnr gradisi w'lioola. 
IS'Mi. 

The Hall arithmetics, a two-lxnik cour.'^e for (jradtMi or ungraded wluwls. ISOtl. 

Tht^searithmetlrs represent the exlrome spiral arraiigcincnt. 

riainiltoii, Samuel. Hamilton's arithmetic MH)7. 

McLollan, J. A., and Ames. A. V. The immary imhlic ln«.l aritlunelic ISOS. 

The i>uhlic m'hool arithmetic. l!H)J. 

These texts arc based upon McT^Olan mid ivwcy’.s psyolmlogy of mimlier. 

Mvers, (leor^e W. Myers's arithmet ii's. HHKl. 

SetOcy, Levi. ElemeiiUs of the Grube motluKl 1S‘«> ^ 

Smith, n. E. Smith's arithraeticH. I'.KM 

Soiiihworth. (1. A., and Stone. J. F. The Southworlh-Slune arithmetics l‘KM. 
Speer. W. W. Form hiHstm.s ISSS. ^ 

— — A series of arithmetics. 

The first Iwok of the S4*ries was publlshiHl in 

Stone, J'. F , (im/ Minis, J. F. The Stone-Millis ariihmetic.'i, UMO. 

Walsh, John H. Walsh's arithmetics. IHOo. 

Wentteonh. (1., d?n/ Smith. D. K. The Went worth-Smit h arithmetic.'^, 1000 
Young, J. W. A., a?ui Jac-kaou, L. 1.. O’hn .\pplcton arithmeties 1!#I0. 


J 
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I 


iiistrurtioii. I'J -Kv 
naiii«*I. In.i. Ml) i M 
Aim itf iii-tnirtioii. 1‘^ P’> 

Alltpui»m. 

’* \iiu*ri« :ui Ai rntiipiaiii ’ aftprarjim r of »I<)llar mark. ' 

Ariil'iiioiir. :i-> a imioo. !»J. ^'rowili a.- a solhml .'•ulijv'i . !:'> I'l ( 

I ( iii.-i rui I i \ r |x'rio<|. in. .■'niijn ( maiirr tirloiv IM'I. 17 -l.l; liu* int|inrlaiit 
.■'ul jiM l. W'artvu < oll.nrn on ilio irartiii.^' of. >0 N''. widol) ii.-od. Hi 

AsKi.-'iniLjt'tlio pupil. Sik So, l-o. ■* 

.ikirirr. 'JH. 

liiltor. i'.. on ro>l;ilo//i's nystoi.'. of arilhiimlio, (Kk 
ifil'liivrapliy. lo7 

Mutton. . l oloiiial 'clnHil,- 7 < 

Ho'ioii I.aiiii SrluKil. oarI\ lal'or.-'. 7 ^ ~ 

lliihiks. IMward. 

Hiirloii. W'arron. on lofu iiin^ ariihnn in . II. 
i haM'. W F.. KM. 1 17 I M. 

I ipimriii^ lakok iin<iIioiI i'J. I I *'0 
I’lavs inairin ii(ni. So Mi. UK U'l 

I’iillnirn, \\’urn‘ti. ami Inn rdailoti lo l^•^^lalo//l. ‘i.l tiL' ariiliim-tioEi, ,V», ti;i 7'j; 

lourhino uf anilmioiif. .so ss 
I'ullmrn's First Fos-ion'. taldo of idnimi'. lot; 

I’olloon fiitranor rcipiinmioni.-. ariMinioi j*-. I i ! (. 

< nlonial <'ilui al inn. phn o of anduimi it . .7 h. 

I’diinnittn* of Fiflorii. ropnri. l.l'J. 

I nimnilioo of Ton . am 1 loa< Inm; of ant limoti< . U'l. 
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